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Part I.-THB ORIGIN OP THE COMMISSION. 

In presenting the report of the second Hyderabad Chloroform Com- 
mission to His Highness the Nizam, the Commission desires to express through 
His Excellency the Prime Minister, Sir Asman Jah, its grateful sense of the 
extraordinary and unprecedented liberality and public spirit displayed by His 
Highness’s Government in carrying out a work which is not only of scientific 
interest, but of the greatest practical importance to the whole human race. 

2. The Commission was greatly encouraged in this work by the personal 
interest shown in it by His Highness the Nizam, who, accompanied by his Staff", 
visited the laboratory on two special aud memorable occasions. 

3. The Nawab Munir-ul-Mulk, son of the late Sir Salar Jung, Uio Maharajah 
the Peshkar, and the Nawab Fakhr-uI-Mulk also 2 )aid visits to the laboratory 
and witnessed several of the oxjieriments. 

4. The same interest which was displayed in originating the Commission 
was maintained throughout by the princi|)al officers of His Highness the Nizam’s 
Government, especially the Nawabs Mohsin-ul-Mulk, Vikar-ul-Mulk, Imad-ul- 
Mulk His Highness’s Private Secretary, Fatteh Nawaz Jung, and Mr. Furdonji 
Jamshedji, Private Secretary to Sir Asman Jah. 

5. Two Commissions to examine into the alleged dangers of chloroform 
have been appointed by His Highness the Nizam’s Government, Tho first 
Commission, which was apjiointed in 1888, consisted of Surgeon Hohir, I.M.D., 
President, and two Members, Messrs. J. A. Kelly, L.R.C.P. & S. (Ed.), and 
A. Chamarette, L.M.S. This Commission was applied for by Surgeon-Major 
E. Lawrie, Residency Surgeon, Hyderabad, because, having always believed in 
the truth of Syme’s teaching that chloroform can bo used judiciously so as to do 
good without the risk of evil, he desired to show by experiments upon dogs that 
in death firom chloroform the respiration always stops before the heart. This ' 
point having been proved, the second Commission was applied for, because it 
was felt that Syme’s principles, which both expei^nce and experiment had 
shown to be practically sound, must be lllunded upona firm physiological basis. 
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6. The following letter explains the action of His Highness’s Government 
with regard to the first Commission and the lines on which the experiments 
they performed were conducted 

Prom Surgeon-Major E. Lawbie, m.b., Residency Surgeon, Hyderabad, bo Surgeon P. Hehib, jli).,* 

dated Hyderabad, 18bh January 1888, 

In accordance with instructions from His ffighness’s Government, conveyed in Major Gough’s 
letter of the 15th instant, a copy of which is forwarded herewith, I have the honour bo inform you 
that a Committee is appointed, consisting of yourself as President and Messrs. A. Chamarette, L.M.S., 
and J. Kelly, as members, bo cany out a series of experiments to test the effects of poisonous doses 
of chloroform on dogs. 

Those experiments should have an important bearing on the way in which the administration of 
the ansesthetic ought to be conducted in the human subject. 

I would suggest that the experiments of the Commission be conducted on the following lines : — 

I. The attention of the Commission should be si^ecially devoted to the effects of cliloroform on 
the circulation and respiration. 

II. The chloroform should be administered generally in the same way as it is ordinarDy given 
to patients in the Afzul Gunj and Residency Hospitals. 

III. The dose and rapidity of administration should be varied in cveiy possible way, and the 
admixture of air with the chloroform should also k* varied. 

IV. At least 100 full-grown dogs should be killed with chloroform, and the points to be specially 
noted should be — 

(ff) The time taken to bring the dog fully under the influence of the anmsthctic. 

(5) The interval between this and the stoppage of respiration and cessation of the pulse and 
heart’s action. 

(r) Whether the heart is dii’ectly affected by chloroform, and whether it ever ceases to beat 
cither in slow or rapid poisoning before the respiration stops. 

((f) The effcHjts of urtilicial respiration commenced directly the respiration stops, and at 
varying intciTals afterwards, 

V. Tlie details of procedure will be left to tlie Commission, and you are requested to submit a 
report of the work of the Commission at any time convenient to yourself before the termination of the 
official year. 

7. The report of the work of the first Commission, which is republished 
as Appendix A, was embodied in the annual report of His Highness’s Medical 
Department for 1888. The experiments of the Commission led them to conclude 
“ that chloroform may be given to dogs by inhalation with perfect safety, and 
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without any fear of accidental death, if only the respiration, and nothing but 
the respiration, is carefully attended to throughout.” 

8. In forwarding the report to Government, Surgeon-Major Lawrie stated 
that “ the results of the experiments harmonise with the principles necessary 
for the safe administration of chloroform taught by Mr. Syme, who never had a 
fatal case, and with my own experience, which is founded upon those principles. 
I have killed scores of dogs with chloroform, and in every instance death has 
resulted from failure of the respiratory function. I have also given chloroform 
in surgery, without a death, for more than twenty years — during the last fifteen 
years several (five to ten) times every day — and I have never soon syncope or 
failure of the heart’s action produced by it. Finally, it may bo mentioned that 
the Hyderabad Commission have searched the records of accidental dcatlis from 
chloroform in Great Britain since the year 1855, and they find that there is not 
a single death from chloroform recorded, in which it was proved that the 
respiration alone was attended to tliroughout the inhalation”. 

9. The report was forwarded to “ The Lancet ” and other medical journals 
in due course, and the reception it met with, as well as the circumstances which 
led to the appointment of the second Chlorolbrm Commission, are rendered 
clear by the following quotations from “ The Lancet ” : 

[“ Tlie Lancet" March 2, 1889.] 

In a report of the recent prize distribution at the Ilydcmktd Medical School, which appeared in 
our issue of February 28rd, some remarks of Surgeon-Major LawTie, M.B., M.ll.C.S., of the Bengal 
Army Medical Service, are mentioned, which deserve some comment. We learn tlmt a Commission 
had been appoiuted to investigate tlie action of chloroform, and that the result of the researches 
made upon pariah dogs was that these animals were killed from respiratory failure, and in no cose did 
cardiac syncope occur directly. Unfortunately Mr. Lawrie contents himself with bare statements of 
results, adding that these results Uilly with his omi experience, which he Ijelieves to lx; uniquely largo. 
Mr. Laavie, as a disciple of Sirajison and Syroc, arrives at conelusioiis consonant with the teaching of 
those great clinicians, but utterly at variance with the experience alike of experiment and practice as 
carried out in Europe. We should rex^uire more than the scanty statements of exjxiriments performed 
upon dogs — ^notoriously nonsusccptible to chlorofonn syncope — before we could occejit the conclusions 
of the Hyderabad Conunission when they appear to go in the very teeth of those at wliich tho 
Commission appointed by the Boyal Medical and Chimrgical Society and by the British Medical 
Association arrived, and, farther, are opposed to the careful and painstaking experiments of such 
scientific observers as Snow, Clande Bernard,* McKendrick, and others too numerous to mention. 
All those who are familiar with chloroform are well aware tliat syncope, when primary, as a mlc snper- 
venes in the initial stages of inhalation, while secondary symxqx; dne to respiratory embarrassment is 
the reentt of accnmnlation of chloroform in the blood leading to paralysis of the medullary centres, 

* This is a mistake on the part ot the writer in “ 7Xe Lanett-}' tide page 19 of this Bepoit, 
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and occurs in a late stage of the administration. The primary syncope is rarely, if ever, possible 
to induce in dogs, although, unfortunately, it is this form of chloroform heart failure which does 
occur in human beings, and which it is almost impossible to remedy. While welcoming the attention 
paid to the subjcjct by the Hyderabad Commission, we cannot but feel that, should the Commission 
inculcate a disregard of the heart as a factor in chloroform dangers, it will do harm and provoke a 
slipshod carelessness in the use of that valuable anoesthetic which must in the long run do damage to 
the cause the Commission has espoused. 

[“ Tlis Lamet^^ May 11, 1889.] 

BY SUROEON-MAJOR E. LAWRIE, RESIDENCY SURGEON, HYDERABAD, AND 
PRINCIPAL, HYDERABAD MEDICAL SCHOOL, 

In Lanai ” of March 2nd, 1880, page 408, there is an annotation criticising certain remarks 
of mine on the subject of clilorofonn in whicOi the wn*iter states that* “ all those wiio are familiar 
with clilorofonn are well aware that syncojK;, when primaiy, as a rule supervenes in the initial stages 
of inhalation, while secondary syncope due to respiratory embaiTassment is the rijsiilt of accumulation 
of chloroform in the blood leading to paralysis of the medullary centres, and occurs in a late stage of 
the administration,” and that unfoiiuiiately it is tin; primary form of chloroform heart failure which 
occurs in human beings, and w]ii(di it is almost impossible to reiiKKly. I have no wish to say any- 
thing to give offence to those who hold the same views as the w'ritcr of the annotation, but I hold that 
those views are wrong, and that there is no such thing as chlorofoim spcioix?. 

It is conceivable that syncope may occur in the initial stages of iidiabition of cldoroform, but in 
the course of a very large ex|xjrience I hav(5 never met with a single instance of such an accident, 
and if it ever does occur it cannot be due to chloroform poisoning, thougli it might be caused by 
fright or shock. Owing to tlie inniuwous accidents that have* hHp]>ened with cldoroform, to the 
discussions prevalent in the profession, and to the mistaken notion that tla* risk of heart failure is 
inseparable from its use, th(' ])ul)lic dread its administration inneh more than tliey dread surgical 
operations, and fainting from men; fi’ight in the early stages of inhalation is no less intelligible than 
it is easy to prevent, in eases where it is likely to occur, by a preliminary dose of alcohol. On the 
other hand, it is wpially intelligihlo that syncope* may be induced if an o|X'ration be commenced in 
the initial stages of chloroform administration, before tlu* patient is rendered insensible to shock by 
being brouglit fully under its inll lienee. With regard to secondary syncop;, Iliv Lamd" states 
that it is duo to respiratory emharrassment (through the resjaratory centre ?) — which is an indira^t 
cause, and, in the same sentence, that it is tlie result of jwirulysis of the medullaiy centres (cir- 
culatory ?) from accnmnlation of chloroform in tlic blood, — which is a dirit-t cause.f Both these 
Btatemeuts cannot be true. Tlu* truth is tliat secondary syncojx' has no moi’e real existence than 
primary syucoi)o. In jwisoiiirig by chloroform the h(‘art fails when tlu* respimtion ceases, and never 
before. With the cessation of respiration, the further accumulation of the di’Ug in the blood neces- 
sarily oottses, and tlui heart rapidly or gradually stoi>s beating, as a tlirect result of the stoppage of 
respiration, and as an indii'cct effect of the jwisoning with ehloroform. 

‘‘ Tlie Lancet ” asserts that the sUitements made in my address arc utterly at variance with the 
experience alike of ox^xiriment and practice as earned out in Europe. They aa* nevertheless based 

• This sentence ehouM run : — “ All those who arc familiar with dnithafrimi chlowform m Awm/ih E. L. 

1 1 may have interprcteil the writer’s meaning wrongly, but it does not affect the argument. 
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on the principle tanght by Syme and Simpson, in Edinburgh, and long before the Hyderabad Com** 
mission was formed, I had satisfied myself that they are entirely true.* 

The Hyderabad Commission was appointed by the Nizam’s Government to verify or refute the 
opinion that if chloroform is properly given it has no injurious or dangerous effect upon the heart. 
The experiments of the Commission were performed publicly and with every prcKXiution against 
inaccuracy, and the conclusions they arrived at ai'c irresistible. The chloroform wtis given in cveiy 
possible way, and in no case did the heart become dangerously affected until after the breathing had 
stopixjd. This is not, as “ The Lancet ” avers, a scanty statement of experiments performed upon 
dogs ; it is a summary of the results of more than two hundred complete cxi^criments carried out by 
the Commission, and it tallies exactly with my own experience. If direct heart failure wore one of the 
risks of chloroform, it must have occiured in some of the administrations which I have superintended ; 
but I have never seen the heart directly affected by chloroform, nor have I ever seen tlic inhalation 
carried so far in human beings as to affect it indirwtly. Neither 1 nor the Hyderabad Commission 
have any desire to “ inculcate a disregard of the heart as a factor in chloroform dangers, and so to 
provoke a slij)8hod carelessness in the use of that valuable aumsthetic Our object is the very reverse 
of tins, as a consideration of the difference lx;twecn the position we take upon this jK)int and that of 
tliose who hold the same views as “ The Lancet ” will show. “ The Lancet ” would trust to tlic heart 
and circulation for signals of danger in clilorofonn administration. Our contention is that, if the ad- 
ministration is ever pushed far enougli to caus<^ the heart to show signs of danger, the limits of saf(?ty 
have alivady been exceeded, and a fatal result must almost inevitably ensue. So far from disregard- 
ing the heart as a factor in chloroform dangers, wc say that any alTiCtion of the heart, either direct or 
indirect, is the oiu? danger to avoid. But we Siiy further that the resjnration iuvjwiahly gives warnings 
when a dangerous jx)int is aj^projiehed, and conse(|uently that it is |K)Ssihle to av(‘rt all risk to the heart 
by devoting tlie entire attention to the respiration during chloroform admin istnition, 

I am w(.‘ll aware that these opinions appear to go in the V(.‘ry te(*th of tlu* conclusions at which 
the (Commission np}K)inted by ilie Royal Medical and Chirurgieal ScKuety and l»y the British Mt?dieal 
A.ssociation airived and are opjx)sed to the careful and pjiiiistaking ex|H‘riments of such scientific 
obscrvoi*s as Snow, Claude Beniard, and McKendriek,”t wvll as to the teacliing of the gnuit London 
Scrhools. But this opposition is more apparent than real. “ The Lancet ” states authoritatively that 
clilorofonn syncopt* is notoriously difficult to produce in dogs. The ITyderahad Commission confirms 
this statement, and says it is impossilile to iirmluce it at all. Tliis diff(*rence may Ix^ fully acconnted 
for by the fact that the exiKTinients of the Hyderabad ('Wimissioii Were numerous, while tliose rpioted 
by The Lancet ” were not only not numerous, but many of them were iierformixl under conditions 
which iinpiir their value. !kIoreover there are certain jKiiuts connw;ted with the effects of chloroform 
on dogs, which a careful penisal of all their rcfsirts has convinced me neither the (’omrnissions nor 
the distinguished physiologists apprwiated. In any case I would ask whether anytliing can l>e more 
discreditable or unsatisfactory to the whole profession than tlie ])reHent position of chloroform. 
During the last forty years, while enormous progress has lieen made in (jvery branch of medicine and 
surgery, the position of cliloroform has decidedly deteriorau*d, and tlie principle's n(x*essary for its 
safe administratioii have been lost sight of.. From the date of its first intrcKluction there wiis a 
divergence of opinion between the Edinliurgh and London Hchocjls witli regard to the way wc should 

• Vide Lecture reprinted from Indian Medkal Oazi’iU- for March 1S89, ApjiendU D. 

t Vide page 19 of this Rcix)rt. 
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begnifledastoibicffeete. lipto the time of Us death SymetangUi,* " ve are guided u to the effect 
of ddoroform not by the ciroiiiation, hot entirely by the respiraticm.” At the same time Eridiaen 
'WBB teaching, and still teaches, thatf “ when folly anaesthetised the patient requires the most carefol 
watching by the person who administers the chloroform ; his finger should never be off the poise, nor 
his eyes talmn away from the oonntenanoe of the patient.” These are the opinions of two of the most 
eminent Surgeons that have ever lived, and they are absolntely irreconcilable. Erichsen’s opinion 
has ondoobtedly been fortified by the misleading conclnsions of the Chloroform Gommissions, and of 
the scientific observers above alluded to, but the Hyderabad Commission has proved that Syme was 
right ; and I have no doubt whatever that, if his principles were acted on universally, aU surgeons 
would find, as he did, that chloroform may be used judiciously so as to do good without exposing 
patients to the risk of evil. Chloroform administration constitutes, in my humble opinion, the most 
pressing and important question in the whole range of practical surgery ; and if “ The Lancd ” will 
not accept the conclusions of the Hyderabad Commission, it is incumbent on it to urge the appoint- 
ment of a European or joint European and American Commission, composed of men of wide experience 
in chloroform, to confirm or disprove them. 

[“7%e ikmcet,” JvHy 13, 1889.] 

We have received a telegram from Surgeon-Major Lawrie to the effect that His TTightienH the 
Nizam of Hyderabad offers to place the sum of £1,000 from his private purse at our disposal, that 
we may send one or two representatives of “ Lancet ” to Hyderabad to repeat the experiments 
made by the Hyderabad Chloroform Commission {vide “ 7%c Lancet " Feb. 28rd and March 2nd, 1889) 
and to make any others which we may suggest. We await further details of the offer which, we are 
informed, will be sent by mail. 

[“ The Lancet," S^temher 21, 1889.] 

The Residency, Hyderabad, IBth August 1889. 

The Editobs, “ The Lancet ”. 

SlEB,— -I am directed by His Highness the Nizam’s Government to offer “ The Lamet ”, as the 
loading medical journal, £1,000 to send out a representative to repeat the experiments of the 
Hyderabad Chlorofom Commission and make any others with the Commission, that you may 
suggest. 

2. The Hyderabad Committee performed a scries of experiments of a clinical nature on the 
effects of chloroform on dogs in 1888, and their conclusions were embodied in a report which was 
submitted to Government early tliis year. 

8. The experiments of the Commission tend to prove that chloroform has no direct AA tiftp 
upon the heart, and though it is hardly to be expected that their conclusions will be accepted as final 
by the whole of the medical profession, their work may bo safely said to constitute an interesting 
addition to what is already known about chloroform. 

4. The Nizam’s Government has been advised that if the experimenis are nonHcn e d and 
ampliflod by the Hyderabad Commission, associated with a trained scientist whose pn»i»n»r and 

• Vide ‘•Laneet," Vol. L, page B6, for 1855. Byrne’s original leotnre from “ The Zaneet" in whi«h thj. nmMni 
is lepnbUshed in the appendix. 

t Vide Briohsen’s Surgery, VoL I., page 11. 
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attainmetits will efosnie lihe aooeivtonoe of his ofmuaiis by the piofeeBi<m» the sobjeot might be threshed 
oat thoroughly, and the question whether chloroform does or does not affect the heart directly, and 
other questions connected with it, m^ht be settled once for all, 

5. His Highnesses Government therefore desires to oH&t £1,000, a cheque for which is forwarded 
herewith, to the Editors of ^ The Lantet^' to send a representative to Hyderabad to repeat and 
continue the experiments of the Hyderabad Chloroform Commission and make with them any others 
that The Lancet chooses to suggest. 

6. If His Highness’s offer is accepted, the gentleman selected should take a return ticket by 
P. and 0. via Brindisi for three months, to be extended if necessary, and he will bo the guest of 
the Nizam’s Government during his stay in Hyderabad. 

7. The Hyderabad Commission undertake to place themselves entirely at his disposal, and will 
act under his direction. The Commission will provide all instruments and appliances and evorytliing 
which may be ro(|uired for the experiments, and will, without bias, do all in thek power to assist the 
representative of “ The LanceV^ in arriving at the truth. 


I have, <kc., 

Ed. LAWBIE, SuBOXON-MAJon, 

Residency Surgeon 


[“ The Lancety^ Scg>tember 21, 1889.] 

On another page we print Surgeon-Major Lawrie’s letter containing details of His Highness the 
Nizam of Hyderabad’s offer to place at the disposal of ^^The Lancety^ as the loading medical journal, 
the sum of £1,000 to send out a representative to repeat the experiments of the Hyderabad Chloro- 
form Commission, and to make any others that we may suggest. This offer we have cheerfully 
accepted. There are many young men of great ability and thorough scientific training who could 
have done this work exceedingly well ; but in accordance with the Nizam’s desire that we should 
select a man who is not only a trained scientist, but one whose position and attainments will ensure 
the acceptance of his opinions by the profession, we have re(|ue8ted Dr. Lauder Brunton, F.B.S., to 
act as our representative, and he has consented to set out for Hydembad on October 4th, which is 
the earliest possible opportunity. Dr. Lauder Brunton Ims not only devoted much time to phar- 
macological work for more than twenty years, liis first contribution on the action of nitrite of amyl 
having appeared in our columns in 1867 ; but the fact that his large work on Pliarmaoology and 
Therapeutics,” which appears also in an American edition, lias been translated into French, and is 
now being translated into German, Italian, and Spanish, shows tliat he is regarded as an authority 
in other countries as well as our own. It may perhaps be considered os a farther advantage that in 
this work Dr. Lauder Brunton has veiy decidedly stated that one of the dangers resulting from 
chloroform is death by stoppage of the heart. ^ Atidi alteram partem ” is the motto of an important 
section of The Lancet^' and we think that by getting both opinions regarding the effect of chloro- 
fonn on the heart represented on the Commission, as they will be by Dr.Lander Bninton and Surgeon- 
Major Lawrie, we are more likely to obtain a correct conclusion. The question whether chloroform 
pamlyses Uie heart or not is (me of the , greatest ||Ki8iiUe practical importance, for upon its oorreot 
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solution the lives of thousands of people and the happiness of thousands of families may depend. 
Both in Europe and America clinical experience and physiological experiments have led to the con- 
clusion that it has a paralysing action on the heart, while ether exerts such an action in a very minor 
degree, if at all. In consequence of this ether is now largely used in this country as well as in America 
for producing anaesthesia in surgical operations, in spite of the greater pleasantness and convenience 
of chloroform. It is almost impossible to believe that the conclusion at which European and Ameri- 
can surgeons and scientists have arrived is, after all, destitute of foundation, and little better than an 
idle dream. When wc find, then, that Dr. Lawrie and the Nizam’s Commission have arrived at an 
entirely opposite conclusion, it is natural tliat wc should hesitate to accept it. A consideration of 
the report of the Commission appears to show that the number of experiments performed was not 
only large, but the results were so uniform that the conclusion arrived at, w., that chloroform does 
not paralyse the heart, but kills by stopping the respiration, may fairly be taken as correct for the 
animals experimented on and for the conditions under which the experiments were performed. But 
if we grant this, we are at once confronted by the next problem : Wliy do the results of the Nizam’s 
Commission differ from those of European and American investigators ? Is it because the experi- 
ments in India were carried on in a warmer climate ? Or is it because the animals experimented on 
were peculiarly resistant to the action of chloroform ? These questions can only be answered by 
further experiments, which can hardly fail to be of practical utility, even if they afford only a pirtial 
solution of the problem. For Surgeon-Major Lawrie states in his letter, which appeared in our issue 
of May 11th, that the results of the experiments carried out by the Commission tallied exactly with 
his own experience. In the correspondence which occuiTod on tlie subject in “ The Lancet ” some 
writers agreed with Dr. Lawrie, wliile others supi)ortcd the opi)Ositc view. We may perhaps fairly 
call these two views those of the Edinburgh and London schools. In tlic Scotch capital failure of 
respiration is regarded as the chief or only danger, while in the metropolis failure of the heart is more 
fetirod. It is quite possible tliat the surgeons in both cities are right, and tliat the habits or mode of 
living of the people may lead to differences in the resisting power of the cardiac or respiratory appa- 
ratus resptKjtivoly. The proportion of gouty patients is much larger in London than in Edinburgli, 
and when we consider that the natives of India apixjar to resemble the Scotch in their compirative 
immunity from cardiac paralysis by chloroform, it will, be advisable for the ConimLssion to ascertain, if 
possible, what the conditions arc which enable the heart either in dogs or men to resist the jxiwer of 
chloroform or which load to its stoppage during the administration of the drug. It may not be 
possible to work out completely all the questions which may arise, but if the Hyderabad Commission, 
with the aid of Dr. Lauder Brunton, can settle definitely the question whether cliloroform does or does 
not affect the heart directly, a most important practical object will have been attained by mums of the 
Nizam’s generous offer. 

10. Tlxo opinions held by the medical profession in Great Britain may be 
fairly judged from tho above quotations from “ The LamcC There is no doubt 
they were and are largely influenced by the experimental results obtained by 
various observers, and more especially by the Committee of the Royal Medico- 
Chirurgical Society and of the British Medical Association or Glasgow Com- 
mittee. Both these Committees arrived at the conclusion, from a very limited 
number of experiments, that chloroform lowers the blood-pressure, while ether 
does not, The Glasgow Committee went further, and not only stated that 
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cMoroform Icvrers the blood-pressvu'e and paralyses the heart, which ether nerer 
does, but drew the important conclusion from experiments on one dog only 
that this action is sometimes exerted in an unexpected! and capricious manner. 

11. The state of opinion regarding chloroform in America may be inferred 
from the statements made regarding it in the last edition of H. C. Wood’s 
“ Therapeutics,” one of the best American works on the sxibject. Ho says : “As an 
anaesthetic chloroform possesses the advantages of quickness and pleasantness 
of operation, smallness of dose, and cheapness. These advantages are, however, 
so out-balanced by the dangers which attend its use that its employment under 
ordinary circumstances is unjustifiable. It kills without warning so suddenly 
that no forethought or skill can guard against the fatal result. It kills alike 
the robust and the weak, the well and the diseased ; even the previous safe 
passage through one or more inhalations is no guarantee against its lethal action. 
Statistics seem to indicate a mortality of about one in three thousand inlialations, 
and hundreds of utterly unnecessary deaths have been produced by the extra- 
ordinary persistence in its use of a portion ol thc' profession. It ought never to 
be employed except under special circumstances, as when a speedy action is 
desired in puerperal eclampsia or when the more bulky ana^sthotics cannot bo 
transported as in the field in war time.” 

12. These joassages I’rom the work ol‘ one of the greatest authorities on 
the subject in America show that in that continent chloroform is regarded with 
somewhat of the same disfavour with which it is looked uj)on in England, and 
probably up(jn the same grounds. Although the experiments of the Hyderabad 
Commission are much more numerous than those made in any previous investi- 
gation, yet their number is infinitesimal in comparison with the number of times 
anaesthetics have been given all (jver thc' world, and each administration may 
be regarded as an exj)eriment on the action of the particular anajsthetic employed. 
When it is considereil that, after so many administrations, or experiments as those 
may be termed, on the human subject, opinions are so tlivided in regard to the 
action of chloroform as at present, we cannot think that the conclusions at which 
the Hyderabad Conunission have arrived will necessarily carry conviction to 
those who hold opinions opposed to them. The objection may be made tliat the 
Hyderabad experiments have been made on the lower animals, and, however 
correct the Conunission’s conclusions may be in regard to them, they do not hold 
for man. To this objection it is a sufiicient answer that the fear of chloroform 
paralysing the heart is based on the results of laboratory experiments, rather 
than on clinical experience. Deaths have occurred during the administration of 

t 
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eiiher as well as of cUoroform, and it is not the deaths during operations, but the 
observationB on blood-pressure and on the action of chloroform on the exposed 
or excised heart which have led to Ihe unfounded dread in the profession that it 
may paralyse this organ when given as an anaesthetic. 

13. But there is still another difficulty ; — ^however fair and impartial the 
Hyderabad Commission may try to be, and even though those who differ from 
them may credit them with care, honesty, and impartiality, its conclusions will 
always be open to the objection that the Commission may be mistaken, and any 
mistake on its part would be all the more fatal and disastrous, because its con- 
clusions would bo very difficult to disprove since they are founded on such a 
mass of experimental evidence as has never been collected before, and is hardly 
likely to be collected again at least for many years. To avoid such a possibility 
the Commission have tried, as far as possible, to give the experimental data from 
which their conclusions are derived, so that at any future time and in any part 
of the world those data will be as available to others as to themselves, and may be 
used by them either for the purpose of criticising the Commission’s conclusions 
or drawing conclusions of tlioir own. The utility of such a course has been im- 
pressed upon the Commission during the progress of this investigation by the 
example of the Glasgow Committee which they have followed. The Glasgow 
Committee drew from one experiment alone the sweeping conclusion that 
chloroform has sometimes an unexpected and capricious effect on the heart’s 
action, and that “the occurrence of the sudden and unlooked-for effects seems to 
be a source of serious danger.”*^ This conclusion is obviously of the utmost im- 
portance in regard to chloroform and, if correct, would justify the condemnation 
of its usG by the American author already quoted. If the Glasgow Committee 
had only given their conclusions, it would have been very difficult indeed to 
disprove them; but fortunately they have published a coj))" of the manometer trac- 
ing on which these conclusions are founded, and an inspection of this leads in- 
evitably to the belief that the sudden and unlooked-for effects on the heart’s action 
which the Committee attributed to chloroform are not really due to it at all, but 
are due to irritation of the vagi quite apart from the action of the anaesthetic, and 
are the results of accidental asphyxia. The Commission have followed the ex- 
cellent example of the Glasgow Committee and reproduced by photography the 
tracings on which their opinion is based, so that all those who look at them and 
compare them with the tracings of the Glasgow Committee, which they have also 
reproduced, may judge for themselves and form their own opinions on the subject 


Vide |>age 116, Ezpeximent No, 148, Obiemtion Q« 
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14. Dr. Lander Bninton and Surgeon-Major Bomford arrived in Hyderabad 
on llie 2lBt of October 1889, and the second Commission ]fvas constituted at once 
as follows : — 

Surgeon-Major E. Lawrie, M.B., Edinburgh, President, 

Dr. T. Lauder Brunton, F.R.S., ^ 

Surgeon-Major Gerald Bomford, M.D., London, ^Memhers. 

Dr. Rustomji, H. H. the Nizam’s Medical Service, ) 

Secretary.— ’D y. Bomford. 

15. Associated with the second Commission were the President and Mem- 
bers of the first Commission, viz. : — 


Surgeon P. Hehir, M.D., President. 


Mr. J. A. Kelly, L.R.C.P. & S. (Ed.), L.F.P. & S. (Glas.) 
Mr. A. Chamarette, L.M.S. 




Memhers. 


The Commission is very much indebted to all the gentlemen mentioned, as 
well as to Mr. William Mayberry, who gave chloroform ; but is especially so to 
Dr. Arthur Chamarette, to whose energy and fertility of resource the success of 
the experiments is mainly due. The Commission also desires to thank Mr. Tripp, 
the Deputy Principal of the Medical School, and Mr. Carroll, His Highness 
the Nizam’s Medical Storekeeper, for much valuable assistance ungrudgingly 
afforded. 


16. The Commission commenced work on the 23rd October and met daily, 
except on Sundays and holidays, from 7 a.m. till 5 i’.m., until the 18th of Decem- 
ber, when the experiments were concluded. 

17. The Commission was divided into two Committees : one, which 
will be referred to throughout the report as the Committee, was composed 
of Drs. Lauder Brunton, Bomford, Hehir and Chamarette ; tlie other, 
which will be referred to as the Sub-Committee, w’as composed of Dr. Rustomji, 
Mr. Kelly, and Dr. Gay (who volunteered to help), assisted by students. 

18. The Committee first of all performed twenty-seven experiments, num- 
bered from 1 to 28, omitting 25, which Hras a manometer experiment, to test the 
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work of tke first Commission, From No. 29 the Committee were employed 
principally with blood-pressure experiments. The ordinary experiments, per- 
formed without recording apparatus, were then made over to the Sub-Committee, 
which continued to work in the same room under the supervision of the 
Commission. 

19. The experiments of the Sub-Committee are numbered continuously 
with those of the Committee, so as to form a consecutive series and facilitate 
reference. 


Part IL— GENERAL EXPERIMENTS WITHOUT 
RECORDING APPARATUS. 


20. Tho experiments of the Sub-Committee, together with the first 28 
performed by the Committee, form a total number of 430, and are divided into 
seven sections. These experiments are recorded in a tabular form at Appen- 
dix 11. 268 dogs and 31 monkeys wore killed outi’ight, and 86 dogs and 39 
monkeys were subjected to artificial respiration at varying intervale after tho 
natm’al respu’ation had been arrested with chloroform. The animals which were 
killed had chloroform administered to them in every possible way and under 
every conceivable condition. A largo number of dogs were killed just as they 
were caught in tho bazaars ; others at various intervals after having heavy meals 
of meat or farinaceous food or fat ; others fasting ; others after the administra- 
tion of Liebig’s extract ol‘ meat, coffee, rectified spirits of wine or ammonia. 
Most of these animals were healthy, but some of them had cardiac disease and in 
many the heart and other organs were rendered fatty by the previous adminis- 
tration of phosphorus. In a large number of cases morphine, strychnine and 
atropine, singly and in combination, were given by subcutaneous injection at in- 
tervals before the inhalation was begun. Chloroform was given with and 
without inhalers in tlie vertical and recumbent positions ; in glass and 
wooden boxes ; in large and small doses ; by being pumped into the trachea 
with bellows ; and in fact in every way that could suggest itself to the Commission. 

21. The results in one respect are uniform. In every case where chloro- 
form was pushed the respiration stopped before the heart. The following 
table shows the interval of time between the cessation of respiration and of the 
heart's action in dogs and monkeys in uncomplicated cases, and in cases com- 
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plicated bj asphyxia and by the administration of certain drags snboataneonsly 
before the chloroform inhalation was commenced 

Interval o/tim ietteem etoppage of respiration and stoppage of heart. 


The heart stopped beating under 1, 8, 8, 4, 5^ 6, 7, 8^ 9, 10, II, 18, minutes after the stoppage 

of the respiiation. 









14 


22.. The morement of the heart was in the first 66 cases of the Sub-Com- 
mittee tested by auscultation, but afterwards by a needle inserted through the 
chest-wall into the organ and the thoracic cavity was laid open when doubt existed. 

23. In the majority of the uncomplicated cases, which include those fed in 
different ways before inhalation, the heart ceased to act in firom two to six 
minutes after stoppage of the respiration. In one uncomplicated case the heart’s 
action ceased within one minute after the breathing stopped. The heart ceased 
within one minute after the respiration stopped in two cases where the inhala- 
tion was very slow and prolonged, in four cases complicated by asphyxia, and in 
one where the subcutaneous injection of morphine gr. ^ and strychnine gr. f 
was administered beforehand. The maximum time the heart continued to 
beat after the respiration ceased, in the experiments of the Sub-Committee, was 
eleven minutes in a dog and twelve in a monkey. 

24. The effects of chloroform do not appear to be interfered with or much 
influenced by any of the variations in the method of preparation of the animal 
for or of the administration of, the anajsthetic. There are four general excep- 
tions to this statement. In very slow and prolonged administration, and in 
cases complicated with partial asphyxia, as well as in one case where one-third 
of a grain of atropine was administered before the inhalation, the heart stopped 
very soon after the respiration ceased ; and in all cases where the inhalation was 
accompanied by struggling the animals became insensible with unusual rapidity. 
In these cases also the interval between the cessation of respiration and the 
time of possible restoration by artificial respiration was shortened. (T7r7e 
tables in Appendix B.) 

26. As regards the restorative effects of artificial respiration the Sub-Com- 
mittee found it was nearly always successful if commenced within thirty seconds 
after the respiration ceased, very seldom successful if commenced between thirty 
and sixty seconds after, and always unsuccessful if not begun till after sixty 
seconds. In forty-four cases, in which artificial respiration proved successful, it 
was commenced on an average 28’2 seconds after natural respiration ceased. 
In thirty-eight unsuccesslul cases the average was 31 '5 seconds. 

26. The Sub-Committee formed the opinion that artificial respiration was 
less successful in restoring the respiration after it had been stopped by chloro- 
form in cases where a subcutaneous injection of morphia was administered before 
the inhalation was commenced. There were eighteen cases in which this was tried. 
In the first six artificial respiration was commenced eight seconds aft;er cessation 
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of natural respiration. Of these five died, bi three cases artificial respiration 
was begun fifteen seconds after the natural respiration ceased, and of these two 
recovered and one died. In three cases in which artificial respiration was com- 
menced twenty seconds after the respiration stopped, two out of the three died ; 
and, lastly, in six cases where artificial respiration was not commenced till thirty 
seconds afterwards five died and one was revived. The average of those cases 
that were revived was 17 '6 seconds and of those that died in this series, 26‘4 
seconds. This opinion was tested by blood-pressure experiments Nos. 162 and 
178, the results of which did not support theft conclusion. 

Part III.— EXPERIMENTS WITH REOORDINQ 
APPARATUS. 

27, The experiments carried out by the Committee with self-recording 
apparatus consist of Nos. 25 and 29 to No. 185 inclusive. In a certain number 
of cases the animal died accidentally before it was ready to bo attached to tho 
manometer, and in others for various reasons the experiment was not completed; 
but for tho sake of convenience they have all been left in tho order in which they 
occurred, and are described aeriatm in the explanatory notes. A full descrip- 
tion of the kyinogra])hs, with the aid of which tho blood-pressure experiments 
were carried on, is given in page ; and all these experiments are 
illustrated by photographs of the kymographie records. A lew of these plates 
illustrate experiments in which tho movements ol‘ tho heart only wore recorded 
by a simple apparatus, which is also described in Appendix A. In every case 
in which a tracing was obtained it has been without exception preserved, and is 
reproduced in this report by photography. In this way the whole of tho work 
of the Committee recorded by the manometer has been rendered available for 
study at any time by any one who is interested in the subject. The photographs 
are on a reduced scale, but with the aid of a 2 or 3-inch lens and perusal of the 
explanatory notes, on the page opposite to them, the reader will have no difficulty 
in deciphering and understanding the rciijarks recorded on tho tracings. Tho 
explanatory notes which were written partly at tho time of, and partly im- 
mediately after, each experiment, were made Irom the remarks which were 
recorded on the manometer during the course of the experiments. It is impossible 
to arrange the manometer experiments so as to group together those which appear 
to illustrate particular points, because almost every experiment includes a variety 
of procedures which suggested themselves at the time as likely to elucidate 
something in the action of the different ansesthetics employed. An index is printed 
at the end of the plates, in which the anaesthetics or drugs given to the different 
animals, the operations performed upon ^em, the actions of interest taken in them. 
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and the citangeg of every kind which occurred in their condition, are referred 
to the number of the experiments in which they took place. 

28. The majority of the experiments were made upon dogs or monkeys, 
and a few upon horses, goats, cats and rabbits. 

29. The experiments of the Committee were designed to show the effect 
upon the blood-pressure, heart, and respiration of the inhalation of chloroform, 
other, and the A. C. E. mixture, administered in various ways and under vary- 
ing conditions. The objects of the Commission were five in number : — 

I. To tost the suitability and safety of chloroform as an anjesthetic. 
The experiments with other and theA.C.E, mixture were instituted 
principally for the sake of comparison with chloroform on certain 
points, and it is not pretended that they afford a complete exposi- 
tion of the action of those agents on the system. 

II. The effect of pushing the above-named anfcsthotics, (a) to a dangerous 
degree, and more especially until the respiration ceases, ( 1 ) until 
death results. 

III. The modifications in the effect of these anaesthetics which result from 

(a) asphyxia in varying degrees and produced by various means (i) 
from the use of drugs such as morphine, atropine, physostigmine 
and others. 

IV. The reality or otherwise of the alleged liability during ordinary 

chloroform administration to the occurrence of primary or secondary 
syncope or stoppage of the heart, brought about either by shock or 
tlirough fatty or weak heart, or by hajmorrhage, or by changes in 
<Jie position of the body. To investigate these points, in the first 
place, a large number of operations which are reported to be 
especially dangerous in reference to shock were performed in 
every stage of anaestliesia, and numerous experiments were also 
made to show tlae effect of direct irritation of the vagus. Secondly, 
a number of animals were dosed with phosphorus before they were 
experimented on. This caused weakening of the heart by fatty 
degeneration of its fibres, but at the same time other complicated 
changes in the whole of the organs of the body not met with 
in the condition known as fatty heart in human beings. On the 
other hand, there are conditions often met with in the &tty 
heart, such as changes of the coronary vessels, which were not 
produced by the phosphorus. 
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V. The effect of the aneesthetics above mentioned npon different animals, 
more especiallj npon monkeys, as the nearest approach to human 
beings. 

30. The conclusions to which the Commission has been brought by the 
study of these experiments are the following : — 

(1) Chloroform, when given continuously by any means which ensures 
its free dilution with air causes a gradual fall in the mean blood-pressure,® pro- 
vided the animal’s respiration is not impeded in any way, and it continues to 
breathe quietly without struggling or involuntary holding of the breath — ^as 
almost always happens when the chloroform is sufficiently diluted. As this fall 
continues the animal first becomes insensible, then the respiration gradually 
ceases, and, lastly, the heart stops beating. If the chloroform is less diluted the 
fall is more rapid, but is always gradual, so long as the other conditions are 
maintained ; and however concentrated the chloroform may bo, it never causes 
sudden death from stoppage of tire heart. The greater the degree of dilution tlio 
less rapid is the fall, until a degree of dilution is reached, which no longer appre- 
ciably lowers the blood-pressm'o or produces anrosthosia. 

(2) If the inhalation is interrupted at any stage, the fall of pressure still 
continues at a rate which depends altogetlior on the rapidity of the fall while 
the chloroform was being inhaled. This after-fall is probably duo to absorption 
of a portion of the residue of chloroform in the air-passages after tlio stoppage 
of the inhalation. In this way it often happens, if chloroform is given rather 
freely, that though the respiration may be going on when the chloroform is 
discontinued, it afterwards stops. 

(3) If the administration of the chloroform is stopped at an early stage the 
pressure very soon begins to rise again, and gradually becomes normal ; but if 
the chloroform is pushed further, there comes a time, not easy to define, wlien 
the blood-pressure and respiration will no longer be restored spontaneously, 
although the heart continues to beat after the inhalation is stopped. 

( 4 ) If the fall has been very gradual, it may occasionally happen that the 
respiration stops completely , and still the blood-pressure rises again, the respira- 
tion recommencing spontaneously in the course of the rise. In the same way 
when the inhalation has been discontinued, the respiration may stop during the 

* Vide especially 168, 169 end 170 and Experiment No, 186 of March 8th} 1890. 
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after-fall of the blood-presstife and begin again spontaneonsly. As a mle, if 
the respiration has stopped, or even becomes slow and feeble at the time when 
the inhalation is discontinued and artificial respiration is not resorted to, the fall 
in blood-pressure will continue until death ensues. 

(5) There are two conditions which frequently disturb the gradual fall of 
the blood-pressure, viz., struggling and holding the breath, and it is only by 
great care that they can be avoided in animals. 

(6) Struggling, independently of any change in the respiratory rhythm, 
appears generally to raise the blood-pressure.® In one case of a dog much 
weakened from phosphorusf the pressure fell every time he struggled. 

(7) When struggling is accompanied, as it often is, by acceleration of the 
respiration and pulse, especially if the respiration is deep and gasping, it leads 
to a more rapid inlialation of chloroform, and consequently to a more rapid fall 
of blood-pressure and a greater after-fall. In order to keep the chloroform cap or 
inhaler in its place during the animal’s struggles, the administrator is obliged to 
hold it down more tightly over the nose and mouth, and thisjnaterially assists 
in hastening the rapidity of the inhalation, and consequently of the fall in blood- 
pressure. 

(8) The effect of involuntarily holding the breatli, which, as anybody 
can prove by experiment upon himself, must happen when an inlialer saturated 
with chloroform is first applied to the face, is much more remarkable, the pres- 
sure often falling with great suddenness while the heart’s action is markedly 
slowed.^ As soon as the animal draws breath again the pressure rises as 
suddenly as it fell, but the gasping respiration which succeeds then causes veiy 
rapid inhalation of chloroform with immediate insensibility and a rapid fall of 
blood-pressure which quickly becomes dangerous. 

(9) The combination of struggling with alternate holding the breath and 
gasping, which results if chloroform is applied closely to the face without sufli- 
cient dilution with air, causes violent fluctuations, and then a speedy fall of the 
blood-pressure, which very soon leads to a dangerous depression with deep 
insensibility and early stoppage of tlie respiration. The aft©r-lall under these 
circumstances is rapid and prolonged. It is this combination of events which 
causes struggling animals to go under chloroform so quickly. 

* Vide Experiment No. 82. 

! Do. No. 161. Bee also Experiment No. 188. 

Do. Nos. 108y 119 Fick 2, lo7 Fick 4, and many others. See Index under ** Bteath-holding’** 
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(10) The effect of holding the breath may occasionally cause a temporary 
fell of blood-pressure after the chloroform inhalation has been stopped® or 
even when the animal is quite out of chloroform. f This fell is recovered from 
directly the animal breathes again. 

(11) Slight contmuous asphyxia, such as is produced by pressure on the 
neck by straps, a badly fitting muzzle, or hindrance of the chest movements by 
the legs being too tightly bound down, gives rise to exaggerated and irregular 
oscillations of the blood-pressure, and slowing and irregularity of the heart’s 
action. If it leads to, or is accompanied by, deep gasping inspiration, it is apt, 
like anything else which causes this, to increase the intake of chloroform and 
bring about a rapid decline of blood-pressure. 

(12) Complete, or almost complete, asphyxia, as by forcibly closing the 
nose and mouthj or closing the tracheal tube after tracheotomy ,§ has an effect 
similar to, but more marked than, that produced by holding the breath, and the 
character of the trace corresponds precisely to that produced by irritation of the 
peripheral end of the cut vagus. The pressure falls extremely rapidly, some- 
times almost to zero, and the heart’s action becomes excessively slow or even 
stops for a few seconds. If the Fick trace of Experiment No. 148 bo compared 
with the photographic reproduction of trace A of tlie Glasgow Committee, it 
will be seen that they are identical, and that the slow action of the heart with 
great fall of pressure, which the Glasgow Committee attributed to some capri- 
cious action of chloroform upon the heart, w'as undoubtedly due to asphyxia. 

(13) This effect of asphyxia is the result of stimulation of the vagi. The 
proof of this is (a) that the trace corresponds exactly, as stated above, to that 
produced by direct irritation of the vagus ; ( 1 ) division of both vagi entirely 
abolishes it ; 1| and (c) the administration of atropine which paralyses the vagus 
also abolishes it.^ 

(14) In trace 158 (Fick 4), which was taken during asphyxia after a lull 
dose of atropine, it will be seen that there is an alternately slow and rapid pulse 
according to the phase of the respiratory movement ; but no continued slowing 
of the heart as in vagus irritation. But there was still a distinct fall of pressure 
after the atropine w'hen the breath was held, and it was thought that the slow- 
ing of the pulse above noted in this condition might be duo to the disturbance 
of tlie heart from tension in the pulmonary vessels in the absence of respira- 

* VUf Experiment So. 157. t Experiment No. 155, t Experiments 148, 150, 15L 

i Vide Experiment No. 86. | Vide Expepmient No. 150. ^ Vide No. 158| Fick 4. 
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t(Hry movement rather than to irritation of the vagi To test this point Experi- 
ment No. 184 was instituted. In this experiment the dog’s chest was forcibly 
inflated with bellows connected by a tube with the trachea, and the effect of 
this proceeding was to cause a fall of pressure and slowing of the heart exactly 
the same as in involuntary holding of the breath. The dog was then poisoned 
with atropine, after which inflation of the chest still caused a fall of pressure, 
but without slowing of the heart {vide Fick Nos. 8 and 9). The fall of pressure 
must be in some degree independent of vagus irritation, which however usually 
accompanies it. 

(16) It only remains to be considered whether the slow action or tem- 
porary stoppage of the heart with great fall of pressure produced by vagus 
irritation is in itself an element of danger in chloroform administration, and if 
it is not, wherein the danger actually lies. 

(16) The experiments in which deliberate irritation of the vagi was 
carried on during ana3sthesia show unmistakably that irritation of these nerves 
diminishes rather than enhances the danger of anassthetics. The effect upon 
the heart is never continuous, and as the vagus becomes exhausted, or when 
the irritation is taken off, the blood-i)re8suro rises again, as it does when the 
same result is produced by asphyxia. The slowing of the heart and circulation 
which is produced by irritation of the vagus by any cause, such as holding the 
breath in chloroform administration, retards the absorption and conveyance of 
chloroform to the nerve centres just as holding the breath, whether voluntary 
or involuntary, prevents chloroform from entering the lungs ; and of itself slow- 
ing or temporary stoppage of the heart in chloroform administration is not 
dangerous. 

(17) To answer the second part of the last question in para. 15 is easy 
enough, if it is kept in mind that the effect of vagus irritation upon the heart is 
never continuous ; and in chloroform administration as the pressure rises again 
after the slowing of the heart and temporary fall of pressure produced by any 
form of asphyxia, violent respiratory efforts with bounding heart’s action lead, 
as in the case of smuggling, to a rapid and dangerous inhalation of chloroform 
and consequent rapid and dangerous decline in blood-pressure. It is, in fact, 
the temporary exhaustion of the vagi after stimulation that is to be feared, and 
not the actual stimulation as long as it is continued. 

(18) In accordance with this fact it will be found that in chloroform ad- 
ministration neither holding the breath, even if involuntary, or vagus inhibition 
can be kept up beyond a certain time ; and if the chloroform is not removed from 
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^SoB face, one or both of two things may happen : (1) when the animal breathes 
again it takes deep and gasping inspirations, the lungs become filled with chloro- 
form, and an over-dose is taken in with extreme rapidity ; or (2) when the 
restraining influence of the vagus is taken off the heart, through the irritation 
ceasing or the nerve becoming exhausted, the heart bounds on again, and the cir- 
culation is accelerated in proportion. The blood then becomes quickly saturated 
with chloroform, and an over-dose is at once conveyed to the nerve centres. The 
theory which has hitherto been accepted is that the danger in chloroform admin- 
istration consists in the slowing or stoppage of the heart by vagus inhibition. 
This is now shown to be absolutely incorrect. There is no doubt whatever that 
the controlling influence of the vagus on the heart is a safeguard, and that it is 
the exhaustion of the nerve which is dangerous. 

(19) It can be readily understood how' a condition in which the pulse is 
rapid and bounding with high blood-pressure loads to more rapid absorption of 
chloroform from the lungs, and a more rapid projmlsion of the chloroformed blood 
to the medulla oblongata, and consequently to a more raj)i(l paralysis of tho 
respiratory and vaso motor centres and precipitous fall in the blood-pressure 
Such a condition is produced in some cases by csthor or by division of both vagi® 
or by a full dose of atropine. f Not only is the poisoned blood carried more 
swiftly to the vital centres in these cases, but added to this there is the fact that 
as the heart is already doing its utmost before tho chloroform is given, it is un- 
able to stave off by increased work the fall in jnossuro that occurs wlieu the vaso 
motor centre is paralysed. On the other hand, it seems clear from E.xperiment 
No. 92 that the direct action of chloroform upon tho heart’s substance is not tlio 
cause of the fall of pressure that occurs when it is inhaled. 

(20) In Experiment No. 92 repeated injections of 20m. of chloroform were 
made into the jugular vein, and its efleet was not to paralyse the heart, but to 
produce anaesthesia and a gradual fall of blood-pressure exactly as if the chloro- 
form had been inhaled. In Experiment No. 72, after a considerable amount of 
ether had been injected into the jugular vein, and a bounding condition of pulse 
had been produced, the effect of injecting chloroform into the jugulars was much 
greater, and the fall of blood-pressure much more rapid and dangerous t h^ n in 
the case when chloroform alone was injected. Granting then tho truth of Kinger’s 
conclusions from experiments on the frog’s heart (which have not been repeated 
and confirmed by the Commission) that chloroform has a gradual paralysing 
effect upon the heart’s tissue, we must conclude that such an effect, in tho degree 

• Vide Not. 181 and 16«. t No. 80. 
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in wMcli alone it could occur in the practical inhalation of chloroform, would 
rather be a source of safety than of danger. 

(21) The Committee discussed the advisability of cutting the vagi some 
time previous to experimenting on the blood-pressure with chloroform. The 
effect of this procedure is to cause continuous rapid action and tendency to 
exhaustion of the heart, as well as to degeneration of the terminal branches of 
the nerves in the heart if the animal live sufficiently long. Such experiments 
might be of some interest theoretically, and also have had a practical bearing 
upon the condition of the heart in certain cases of chronic alcoholism ; but the 
Committee decided not to perform them as it considered the end to be gained did 
not justify the pain they would have inflicted. 

(22) In Experiment No. 178, the case of a dog that had had morphine, 
remarkable slowing and even temporary cessation of the heart’s action occurred 
again and again at Ihe same moment as the resphation stopped,® but the heart 
invariably recovered itself, and began again to beat regularly before any steps 
were taken to restore the animal, and without any respiration occurring. 
We find in this case that it was possible to restore the animal even after un- 
usually long intervals had been allowed to elapse between the cessation of the 
natural, and the commencement of artificial, respiration. The failure of the 
heart, if such it can be called, instead of being a danger to the animal, proved 
to be a positive safeguard by preventing the absorption of the residual chloro- 
form and its distribution through the system. 

(23) The effect of artificial respiration after the natural respiration has 
ceased, is to cause an alternate rise and fall of small amoiint in the blood-pressure, 
the trace thus formed upon the drum being a coarse imitation, altered some- 
what by the shaking of the table, of the natural respiratory curve. The differ- 
ence consists chiefly in the fact that the artificial rise and fall is more abrupt 
than in natural breathing, and that the rise always coincides with expiration or 
compression of the chest. After artificial respiration has been continued for a 
certain time, the blood-pressure begins to rise again, and a little later natural 
respiration returns. 

(24) The effect of artificial respiration in restoring an animal after the 
respiration had stopped was always marked. In a few exceptional cases, such 
as No. 169, a phosphorus dog, and No. 142, a horse which had an enormous 

* Vide No. 178, Fiok readings 3 and 3, 8, IS, 18, and 36, and compare No. 49, Fick reading 3 and 8, 
and No 60, Fick reading 8, which are similar oases, but were not so carefully obeerrod. 
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over-dose, although the artificial respiration was commenced as soon as possible 
after the breathing was noticed to have stopped, it was not snccessfiil. 

(25) Complete stoppage of the respiration always means that an over-dose 
has been administered, and the over-dose may have been so great as to render 
restoration impossible. It is impossible to say whether, after chloroform 
has been pushed and then discontinued, tlie respiration will be restored spon- 
taneously or not, and it is never in any case certain that artificial respiration will 
restore the natural respiration and blood-pressure, no matter how soon it is com- 
menced after the respiration stops. A great deal depends upon the amount of tlie 
after-fall: in some cases, even after the respiration has been restored, the pressure 
continues to fall and respiration again ceases, and artificial respiration then fails. 
We thus find respiration restored by artificial respiration while chloroform is still 
being absorbed, and this tends t o show that artificial respiration does not merely 
pump the chloroform out of the blood, but exerts considerable inlluonco in 
exciting the natural resjjiration. 

(26) The time which elapses before artificial succeeds in restoring natural 
respiration varies very greatly. In one ease. No. 116, it was continued lor eleven 
minutes before the first natural gasps commenced. This period is undoubtedly 
prolonged in some cases by a condition of physiological apncea which renders it 
unnecessary for the animal to breathe, (’onsequently, wlienev'ertho pressure rose 
considerably during artificial respirat ion it was stopped, and the animal then 
generally breathed alter a few seconds. 

(27) The time which may be allowed to jtass with impunity before com- 
mencing artificial respiration also seems to vary considerably. This point was not 
particularly attended to in the manometer experiments except in cxperiinents 162 
and 178, which wore instituted to test the truth of the opinion formed liy the Sub- 
Committee that morphine had some slight action in impairing the efficiency 
of artificial respiration. In these eases the commencement of artificial respiration 
was postponed for more than two minutes after respiration ceased, and was suc- 
cessful ; but this is certainly far above the average interval that can be allowed 
with safety. The success of artificial respiration in restoring the blood-pressure 
is, in some cases, very remarkable. In Experiment No. 40 the heart had 
apparently ceased beating® and the dog was believed by every one present to 
be dead and yet recovered with artificial respiration. The success in this 
instance is due to the fact that concentrated chloroform had been pushed for 
two minutes, regardless of the breathing, mid the stoppage of the heart was due 
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to stunalation the vagas through asphyxia. The Miimal was thierefore easily 
restored as he was suffering more from asphyxia than from chlorofonn poisoning.** 

(28) It corresponds to those cases, which are so often reported, in which 
dangerous feiilure of the heart is said to have occurred some minutes after the 
administration of chloroform had been discontinued, and which are sometimes 
restored, and sometimes not, by artificial respiration. There is nothing at all 
sudden about the failure of the heart in these cases, but the attention of the 
chloroformist, which has been wandering, is suddenly called to the fact that the 
patient is apparently dead. When the annual was really dead, it was found in 
some cases that artificial respiration still maintained a small amount of mean 
pressure in the manometer. In others the pressure seemed to fall to the zero 
line between each compression of the chest. 

(29) The dangers of too vigorous artificial respiration were illustrated in 
some of the accidental deaths. In one case the liver was badly ruptured, and in 
another the pleural cavity was full of blood. In three cases. Nos. 80, 92 and 
103, rhythmical movements of the diaphragm were noticed after the heart had 
ceased beating, and after the chest had been opened. It is remarkable that in two 
of these cases the splanchnic nerve had been divided. The third was a case in 
which chloroform had been injected into the jugular, and in tliis case there was a 
synchronous movement of the jaw as well. In all, death and stoppage of the 
heart had occurred gradually, and in No. 103 the heart was still irritable. These 
movements cannot be called respiration, though the last gasp of a dying animal, 
that ineffective jerk of the diaphragm, which is such a fatal symptom, is very 
likely in many cases a movement of the same character. Similar movements, 
which were continued much longer, occurred in Experiment No. 104 after the 
thorax was opened, while the heart was still boating. Still more remarkable con- 
vulsions of the muscles of the jaws, ears, and fore-feet occurred in Experiment 
No. 167 in the case ofadogthat had been poisoned with nicotine. These move- 
ments continued at regular intervals for more than ten minutes after death, and 
were sufficiently forcible to jerk the handles of a pressure forceps fixed on the end 
of the tongue off the table at each spasm. In a rabbit in Experiment No. 153 the 
auricles of the heart continued to beat rhythmically for three hoius after it was 
supposed to be dead from chloroform and its thorax had been laid open. Irri- 
tability of the heart after death was noticed in many cases, but seemed to be 
most marked in cases where ether had been used. 

* There was a mistake in ^ra* 27 as it origiiially stood. In the obseirvation at Fick 12 chlorofhrm was admin- 
istered for two minutes and not for a few seconds onl j. The error was caused hy confusion in the on account 

Of its having been canied twice round the drum at the mid of the eaperiment • 
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(30) CQxloroform injected.in the hewt through the jugular vein did not 
cause clotting of the blood as was the case when ether vfts injected. 

(31) In the course of the experiments of the Committee various drugs were 
administered in order to ascertain if they had any effect in modifying the action 
of chloroform. The result showed that none of them had any effect in prevent- 
ing the typical descent of the blood-pressure that occurs when chloroform is 
inhaled. Atropine, when given in a dose sufficient to paralyse the vagi, of 
course prevents the action of those nerves in asphyxia, and by increasing the 
action of the heart it appears to cause a more rapid descent in the blood-pres- 
sure when chloroform is inhaled as has been already explained. Morphine 
appeared in No. 162 to render the rise in blood-pressure that occurred when the 
chloroform was discontinued slower and less complete, and to bring about a more 
or less permanent condition of anaesthesia. It may bo noted that the animal 
used in this experiment was a monkey, and in other experiments with monkeys, 
when no morphine had been given, it was renaarked that the animal, after a few 
inhalations of chloroform, would often lie quite quiet in a state of semi-insensi- 
bility for a long time without further inhalations ; still this condition was much 
more marked in Experiment No. 162 than in any of the others. No action of this 
kind was noticed in the dog No. 178, but other exporiments (Nos. 90 and 94) 
showed that pariah dogs are very indifferent to the action of morphine, and it is 
probable that the dose of morphine in this case was insufficient to bring about the 
condition noted in the monkey. The peculiar bohaviom of the heart in No. 178 
was not the result of the previous administration of morphine, for a similar phe- 
nomenon had occurred in other cases (49 and 60) in which no morphine had 
been given. Experiments Nos. 162 and 178 prove conclusively that morphine 
has no effect in shortening the period that may bo allowed to elapse between 
the cessation of natural respiration and the commencement of artificial respiration. 

(32) The other drugs used had no effect upon the action of chloroform 
except when their own special action became the leading feature in the case, as 
for instance, during the vomiting from apomorphine (104, Fick 9) or the convul- 
sions produced by nicotine (167). 

(33) In ^order to test the alleged danger from shock during chloroform 
administration, the Committee performed a very large number of those operations 
which are reputed to be particularly dangerous in this connection, such as extrac- 
tions of teeth, evulsion of nails, section of the muscles of the eye, snipping of the 

skin of the anus, &c. In many cases .Ihe operation was performed when the 
•4 



ftnimftl was merely stapefied by tbe chloroform and not folly insensible. In snob 
cases a slight variation in the blood-pressure would sometimes occur, such as one 
would expect from the irritation of a sensory nerve or from the struggling that 
ensued, but in no case in any stage of anaesthesia was there anydiing even sug-i 
gestive of syncope or failure of the heart’s action. In thrusting a needle into thei 
heart, there was often a momentary, but well-marked, fall of blood-pressure ; 
but even this was absent in all other injuries. If chloroform really had any 
power to increase the tendency to shock in operations, it is impossible to believe 
that it would not have been manifested to some degree at least in one or other 
of these numerous experiments. The Commission was, however, not content 
wiih this negative result, and determined to ascertain the effect of direct irrita- 
tion of the vagi during continued chloroform administration. The’result of such 
experiments (Nos. 65, 117, and others)proved that inhibition of the heart’s action 
prevented, rather than assisted, the fatal effects of prolonged chloroform inhal4 
.ation. An animal that was put into a condition of extreme danger (from which 
it could only be restored by means of artificial respiration) by inhalation of 
chloroform for one minute, recovered spontaneously and readily after five minutes 
of chloroform inhalation together with inhibition of the heart by electrical irri- 
tation of the vagus carried on simultaneously. In one of these experiments, No^ 
117, chloroform was pushed for seven minutes ; and during continued irritation 
of the vagus the animals repeatedly came round without artificial respiration 
The danger really begins when the irritation is discontinued or fails to inhibit 
the heart, and thus enables the chloroform in the lungs to be rapidly absorbed and 
thrown into the system. This danger is certainly increased by deliberately pump- 
ing the chloroform into the lungs, by means of artificial respiration, for animals 
in which this was done, although they showed a tendency to recover when the 
chloroform and irritation of the vagus wore discontinued, afterwards died rapidly. 

(84) On another occasion, during Experiment No. 117, the animal was very 
nearly killed by a comparatively short inhalation of chloroform, owing to the 
electrodes becoming accidentally short-circuited and failing to keep up the 
irritation of the vagus. Something similar occurred in No. 177, the effect of 
the irritation of the vagus passing off, while the chloroform was still being 
pushed, and thus putting the animal into a condition of extreme and unexpected 
jeopardy. Nothing could be more striking than these near approaches to 
accidental death from failure to irritate the vagus efficiently. 

(86) Other experiments were made to test the truth of the statement that 
chloroform increases the action of electrical stimuli applied to the vagus, and 



27 


showed conclnsively that it has no such effect. In one instance only** 
the inhibition seemed to be intensified as the chloroforui was commenced and 
diminished when it was discontinued ; but apart firom the &ct that the supposed 
effect ceased much too suddenly, a repetition of the experiment on the same- and 
other animals showed that there was in reality no such effect. The increased 
inhibition in this instance was due to the chloroformist compelling the attend- 
ant who was holding the electrodes to change his position and thus making 
him unconsciously apply them more efficiently. When the chloroformist with- 
drew they were restored to their former position. This affords an instance of 
the care that has to be taken in making experiments if one is not to be deceived. 

(36) To test the effect of shock duo to vaso motor change rather than 
affection of the heart Goltz’s experiment on the frog was repeated on three 
dogs. In one there was slight lowering of pressure which was not extensive, 
and in the others no effect was produced at all. Other operations which seemed 
likely to produce shock, such as violent blows upon the testicle, were singu- 
larly devoid of eSect. Failing to lower the blood-pressure by any of these 
methods recom'se was had to section of the splanchnics, but the low condition of 
blood-pressure this produced appeared, like stoppage of the heart from vagus 
irritation, to be a source of safety rather than of danger during chloroform 
administration. In this connection Experiment No. Ill may be studied. There 
was not much external haemorrhage, but the splanchnics were divided, — a pro- 
ceeding which, as is often said, bleeds the animal into his own vessels. The 
pressure was after this extremely low, but chloroform was repeatedly given, 
and various other actions taken, and then chloroform had to be pushed on a 
saturated sponge enclosed in a cap for eleven minutes before respiration ceased. 

(37) The experiments on dogs that had been dosed with phosphorus for a 
few days previously show that the fatty and consequently feeble condition of 
the heart and other organs so produced has no effect in modifying the action of 
chloroform. The ease with which vagus irritation and the Glasgow trace could 
be produced in these animals, by even slight degrees of asphyxia {vide 148), 
was very remarkable, but this was equally the case in dogs that had been given 
phosphorus only a few hours before the experiment and whose organs were not 
yet fatty {vide 156). Many of these cases were in the last stage of phosphorus 
poisoning, and several of their companions died without any experiment having 
been performed on them before or on the same day as they did {vide the low 
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state of blood-pressure in No. 163). Numerous attempts were made in these 
animals to produce shock by operations in the recumbent and vertical posi- 
tions, but without any more result than in those that were healthy. 

(38) The truth about the fatty heart appears to be that chloroform per se 
in no way endangers such a heart, but, on the contrary, by lowering the blood- 
pressure, lessens the work that the heart has to perform, which is a positive 
advantage. But the mere inhalation of chloroform is only a part of the process 
of the administration in practice. A patient with an extremely fatty heart may 
die from the mere exertion of getting upon the operating table, just as he may 
die in mounting the steps in front of his own hall door, or from fright at the 
mere idea of having chloroform or of undergoing an operation, or during his 
involuntary struggles. Such patients must inevitably die occasionally during 
chloroform administration, and would do so even were attar-of-roses or any 
other harmless vapour substituted for chloroform. 

(39) The effect of haemorrhage was tested by opening the femoral artery 
and allowing a considerable quantity of blood (8 to 12 oz.) to escape. An 
immediate lowering of the blood-pressure results, and this is very slowly re- 
covered from. Such an accident, however dangerous it may be in itself, in no 
way affects the action of chloroform, except in so far that a patient who has 
been nearly bled to death would require less chloroform in his system to put 
him into a state of anmsthosia. The low condition of his blood-pressure produc- 
ed by the haemorrhage would tend to prevent the too rapid intake of chloro- 
form, exactly as in the case of cutting the splanchnics. ( Vide supra sub. para. 36.) 

(40) When the hind feet are lowered on to the floor, so as to place the 
animal in the vertical position, a considerable fall of blood-pressure in the 
carotid artery occurs ; but when the animal is replaced on the table in the 
recumbent position the pressure is fully restored. Various operations were per- 
formed on animals in tho vertical position, but in no case was anything re- 
sembling dangerous shock produced. Inversion of the body, so that the animal 
stands on its head, has exactly tho opposite effect, — ^tho pressure rising in the 
carotid artery and again falling to its former state, when the animal is replaced 
in the horizontal position. Inversion of the body failed to restore an animal 
that was in the last stage of chloroform poisoning,” though it raised the pressure 
in the usual way as long as it was continued. The change in the pressure of 
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the blood of the carotid, which oocnrs when the position of the body is changed 
appears therefore to be dne simply to the effect of gravity. 

(41) As regards the effect of chloroform npon different animals , it may be 
said to be the same as far as its ansesthetic action is concerned. There are cer- 
tain peculiarities in its effect on the respiration and circulation connected with its 
local irritant action on the nostrils and fauces which are interesting to notice. 
Thus, when concentrated chloroform vapour is applied to the nostrils of rabbits 
they hold their breath and the heart’s action is slowed at once. This is always 
said to be due to reflex inhibition of the heart from irritation of the nasal branches 
of the trigeminus reflected through the vagus, and is by no means peculiar to 
chloroform, but is produced equally by any irritant vapour, such as ammonia 
or acetic acid. 

(42) In some dogs, and especially in those to which phosphorus had been 
given, stoppage of the respiration and slowing of the heart occurred immediately 
after the application of the chloroform to tho face, or on forcibly pulling out the 
tongue,® and this suggests that the mechanism of cardiac arrest in them is pre- 
cisely the same as it is in the rabbit. On tho other hand, in rabbits, as in all otlior 
animals, it is possible to give chloroform so gently that no spasm of tho chest 
occurs, no reflex effect is produced, and then the pressure falls in tho same 
regular curve and with the same succession of phenomena (anaesthesia, cessation 
of the respiration, and, lastly, cessation of tho heart-beat) that was above des- 
cribed as typical of chloroform inhalation, f 

(43) Goats have a great tendency to hold their breath while inhaling 
chloroform, and monkeys resemble dogs rather than rabbits, as when ammonia 
was held before a monkey’s (No. 98) nose it did not cause immediate stoppage 
of the respiration and heart as it does in rabbits. 

(44) The experiments with ether show that it is impossible to produce 
efficient anaesthesia with this agent, unless some form of inhaler is used which 
thoroughly excludes the air. If an ordinary cap containing a sponge saturated 
with ether is applied very closely to the face, the animal generally holds its breath 
and struggles, and we at once get tho fall of blood-pressure and slowing of the 
heart that invariably occurs under these circumstances.} If the ether is continued 
in this way after the animal has recommenced breathing, a condition of semi- 
anaesthesia results, in which the cornea is sometimes sensitive and sometimes in- 
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gensitire, and the preestire rises and Mis alternately tQ a slight amonnt and forms 
a wavy trace, which may be continued right round the drum* without any parti- 
cular change. As soon as air is rigidly excluded the pressure commences to Ml 
gradually exactly in the same way as with chloroform, and with the same succes- 
sion of phenomena, viz.^ first anaesthesia, then cessation of the respiration^ 
then of the heart movements, and, finally, death.* How far this is due to 
ether and how far to the results of asphyxia it is impossible to say, but an exactly 
similar succession of events can be brought about by making the animal inhale 
carbonic acid gas alone 160). 

(46) If surgeons choose to be content with a condition of semi-ansesthesia, 
it can no doubt be produced with perfect safety, though with discomfort to the 
patient, by ether held rather closely over the mouth. Such a condition of imper- 
fect anaesthesia would never be accepted by any surgeon accustomed to operate 
under chloroform. If more perfect anaesthesia is required, it can be procured 
by excluding the air more rigidly ; but then there is exactly the same danger as 
in giving chloroform. How very suddenly and rapidly the pressure may fall 
and death ensue is well shown by Experiment No. 33. Ether injected into the 
jugular vein produces a fall of blood-pressure and anaesthesia in the same way 
as chloroform does {vide 93) ; but in all cases in which it was so injected, large 
clots were found in the heart immediately after death. It is interesting to 
note that Claude Bernard seems to have formed a very similar opinion with regard 
to ether as the following quotations from his work entitled “ Lejons sur les Anes- 
th^siques et sur L’Asphyxie,” published in 1875 show. The first quotation 
(page 50) is as follows : — “ Aussi un certain nombro de chirurgiens proposfe- 
rent-ils d’abandonnor le chloroforme pour revenir d I’dther, dont I’usage para- 
issait moins k craindre. Aujourd’hui encore, les chirurgiens de Lyons emplo- 
ient prdfdrablement I’dther. On croyait lo chloroforme plus dangereux que 
I’dther parce qu’il dtait plus actif ; mais, en rdalitd, la frequence relative des 
accidents par le chloroforme tenait peut-dtre tout simplement d ce que c’dtait cet 
agent anesthdsique qu’on employait dans Timmense majority des cas. Plusieurs 
discussions ont dtd provoqudes par les partisans de I’dther, surtout par les re- 
prdsentants de I’ecolo de Lyons, et il a dtd coustatd que I’dther, lui aussi, 
avait produit un certain nombre d’accidents mortels. Les deux agents 
anesthdsiques usitds peuvent done, I’un comme I’autre, entrainer quelques 
risques de mort, et la chirurgie humaine d conservd presque partout le 
chloroforme, dont Taction est plus rapide et plus complete.” The second 
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quotation, to be found on page 101 of the same work, mns^— “Qnant k 
r^tber et an diloroforme, lenr action est k pen pr^e la mdme an point de me 
physiologiqne, eanf nne difference d’intensit4 en favenr dne chloroforme, ce qni 
none fera g4n4ralement employer ce dernier corps de pr4f4rence & Tether.” 

(46) The A. C. E. mixtnre given gently with plenty of air and the other 
conditions mentioned before under chloroform produces the typical chloroform 
trace.® Given freely to a struggling animal, it can produce a very rapid and 
dangerous fall of blood-pressure. I In Experiment No. 52, Pick 4 shows very 
perfectly the effect on the heart of holding the breath. 

Part IV.-AOOIDENTAL DEATHS. 

31. The notes of the cases of accidental doatlis that occurred during our 
experiments have been left amongst the other notes in the position in which each 
occurrence took place, and they can be readily found by a reference to the 
index. The fatal result was brought about either by neglecting to watch the 
condition of the respiration during or after the administration of chloroform, 
especially while the carotid artery was being exposed, or from a reckless admin- 
istration of chloroform in the endeavour to check or prevent struggles. In 
all the cases of accidental death the usual chloroforraist was absent, and no one 
was attending to the chloroform. The notes would have been more complete 
if some one could have watched the condition of the animal and noted the gradual 
but unheeded cessation of respiration without calling attention to it. As it is, one 
has to be content with the remark that the breathing was noticed to have stopped 
at some particular time, but there is nothing to throw any light upon the condition 
during the important period that immediately preceded this discovery. A similar 
hiatus appears in the account of accidental deaths in the human subject, and is 
unavoidable. These cases are probably identical with the instances referred to by 
Snow, “ in which animals died in a sudden and what was thought unaccountable 
manner whilst chloroform was given to prevent the pain and struggles which 
would be occasioned by physiological experiments. The death was not really 

sudden, but only rapid, and the result of reckless administration of concentrated 
vapour in the first instance, and careless neglect of the condition of the respiration 
in the second. There is no evidence whatever that a single one of them was due 
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to paralysis or sudden stoppage of the heart, as Snow assumes to have been 
the case. 

32. It must be remembered, in studying the tracings, that, except when it 
is expressly stated to the contrary, chloroform was throughout administered very 
freely.* ** The degree and rapidity of the frll of blood-pressure is in almost all 
cases much greater than should be the case in administering chloroform to human 
beings. To avoid complicating ihe notes the inhaler was kept on much more 
persistently, with none of those little interruptions while the cornea is being 
examined, &c., which always occur in practice. The whole series, with few 
exceptions, maybe characterized as examples of reckless administration of chloro- 
form, and accidental deaths would have been much more numerous had it not 
been that, when once the animal was connected with the manometer, it was kept 
under the most careful observation. Experiment No. 79 affords a most inter- 
esting exception. The chloroformist, though present in body was absent in 
mind, and failed to observe and report the cessation of the respiration. The 
chloroform was in consequence pushed much further than it should have been, 
and the animal died sooner than was intended. 

33. These cases are of themselves quite sufficient to show that animals are 
just as liable to death from the careless administration of chloroform as human 
beings ; and the accidental deaths which occurred during the experiments of the 
Commission afford the best possible proof that the effects of chloroform are identical 
in the lower animals and in the human subject. The statement so frequently 
made that dogs are more resistant to chloroform than human beings is entirely 
incorrect. 


* It may be noted that one hundred and nine pints of chloroform and elcTcn pints of ether were used during 

the experiments of the Oommissioni 




Part V.— DESORIPnOIiT OF MANOMETER EXPERIMENTS. 

In these experiments the left carotid artery was connected with two mano* 
meters by means of a Y tube — the Ludwig or slow manometer, the tracing of 
which runs from left to right, and the Fick or rapid manometer, the tracing of 
which runs from right to left. The connection of the artery with the Ludwig 
manometer was continuous, except at short intervals, shown in the Ludwig 
tracing by a horizontal line with a figure above it. In these short intervals 
the Ludwig connection was shut off, and a tracing was taken on the Fick. 
For example, in Experiment 148 at 3h. 32m. Os. the Ludwig was turned off ; 
this is shown by a horizontal line with the figure 4 above it. The figure 4 in 
Fick tracing I. shows the tracing taken on the Fick, during the interval marked 
4 in the Ludwig at 3h. 32m. Os. ; and so on. As a rule, the Ludwig manometer 
was cut off by turning the tap while taking a reading with the Fick manometer ; 
but as the drum was allowed to run, each Fick reading is represented by a 
straight line on the Ludwig tracing. 

October 25th. — No. 25. 

Full-sized sti’ong pariah. Into the box with chloroform freely on blotting 
paper in order to quiet him at 2h. 25m. 10s. Taken out of the box at 2h. 36m. 
and fastened upon the dog-board, chloroform being given from time to time on 
Junker’s inhaler to keep him quiet. Connection between carotid artery and 
manometer effected at^2h. 57m. Five tracings with the Ludwig or mercurial 
manometer® made showing the effects on the blood-pressure of the following 
proceedings noted ; — 

(o) Ordinary chloroform inhalation. 

(h) Pushing chloroform until respiration ceased. 

(c) Artificial respiration until natural breathing was restored. 

(d) Evulsion of three toe-nails. 

(e) Ligature of mucous membrane of the anus. 

(/) Snipping off two portions of anal skin. 

(ff) Free opening of the abdomen and complete ligature of intestine. 

(A) Continued administration of chloroform until death. 

* The tick eUuUc ipring manometer wan not connected in thif ezperimentt 
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KegpiratioQ ceased at 41i. 30m. SOs., after which the pulse contmned 
feebly, but owing to clotting has not been recorded bn the tracing. Death 
after a few minutes, but not exactly recorded. 

October 26th. — No. 29. 

Large cream-coloured dog chloroformed in tbe box at 2h. 15m. Taken 
out of the box and put on the dog-board at 2h. 39m. 40s., and kept under 
chloroform in the ordinary way with Junker’s inhaler. Canula inserted into 
carotid artery at 2h. 61m., and connection made with both the Ludwig and 
Fick manometers through a T tube** at 2h. 58m. Trace No. I. Ludwig shows 
the effect of evulsion of the toe-nails. Trace No. II. Ludwig the effect of snip- 
ping the anus, the administration of large doses of chloroform/ and of killing 
the dog with chloroform. A clot formed in the canula at 3h. 15m. 55s. shortly 
before the dog died. Four readings were taken with the Fick manometer — ■ 
1 and 2 while the dog was quietly under chloroform, and 3 and 4 during the 
operation of snipping the anus. 

October 26th. — ^No. 30. 

Full-sized healthy pariah. Into chloroform box at 3h. 39m. Taken out 
of the box and put on the table at 3h. 4m. 60s. and kept under chloroform in 
the usual way. Dog fully under at 3h. 60m. 408., and tying of the carotid artery 
commenced. Canula inserted at 3h. 68m. 608., and connection made with the 
manometers at 4h. 3m. 

Tracing L Ludwig shows effect of a large dose of chloroform ; but it was 
soon turned off, and the observations until the death of the animal recorded on 
the Fick tracing I. 


October 28th. — No. 31. 

Temperature of the room 18-5 to 20*5 Cent. Full-sized pariah which had 
a daily dose of phosphorus (about a quarter of a pot of James’ phosphorus 
paste) for the previous three days, and was, in consequence, very weak and 
thin. Chloroformed in a box at 7h. 35m. Fell down at 7L 41m. 508. Placed 
on dog-board at 7h. 45m. and kept quietly under chloroform. Carotid tied 

• For ft tnll description of the amngement of the menometers, rids Appendhu 




35 


and cannla inserted at 7h. 65m. 30s. Connection with manometers made at 
8L Im., at which time the cornea was still sensitive, and the animal breathing 
quietly, but very slowly, about 8 times per minute. Two tracings Ludwig, one 
Fick. IVace I. Ludwig shows eflfect of (o) evulsion of the nails, (5) snipping 
of the anus, (c) extraction of teeth, and includes four Fick readings. Trace 
II. Ludwig (commencing at Sh. 32m. 348.) shows effect of (d) change to the 
vertical position, and while in that position (e) extraction of teeth, and (/) 
administration of chloroform until death. Post-mortem — Heart flabby, but other- 
wise normal ; lungs — lower and middle lobes, right side, consolidated ; liver — 
drier than in other animals, mottled, buff-colour; congested, pyramidal 

portion of a yellowish colour ; distended with dark fluid, not appa- 

rently inflamed. 

Observations. 

H. M. s. 

A. 8 3 50. — Evulsion of nail. 

B. 8 8 20.— Anus snipped. 

C. 8 15 0. — Evulsion of nail. 

D. 8 23 25.— Extraction of tooth. 

E. 8 33 0. — Change to vertical position. 

F. 8 38 0. — Tooth extracted. 

G. 8 41 50. — Artery cut, pressure fell to zero. 

In Experiment 31 all attempts to produce shock under chloroform in any 
stage of the administration failed. 

October 28th.— No. 32. 

Large black dog, well nourished and believed to bo healthy. Into chloro- 
form box at lOh. 46m. 158. Struggling violently at lOh. 52m. 30 b. Breathing 
stopped and artificial respiration resorted to until lOh. 54m., when he began 
again to breathe spontaneously and was placed on the dog-board. More 
chloroform in cap at llh. Im. 308. Dog struggling. Chloroform stopped at 
llh. 2m. 308. Stertorous breathing. Carotid ligatured at llh. 7m. 308. 
Canula inserted llh. lOnu 358. Trace No. I. commenced at llh. 12m. 20 b. 
Dog struggling. Drum changed and trace No. II. commenced at llh. 37m. 158. 
Canula taken out at llh. 52m. 15 b. Dog not quite dead, heart pulsating, 
chloroform stopped, and an attempt made to reintroduce canula, but dog dead. 
Two Ludwig and one Fick tracing. Trace I. Ludwig shows effect of (a) ad- 
ministration of chloroform, (5) artificial respiration, (e) evulsion of nails, (d) 
placing the animal in the vertical position and includes Fick readings Nos. 1 to 6. 



Trace II. Ludwig e^owb effect of (e) contmued administration of cUoroform 
with at the same time (/) haemorrhage from the femoral artery, and includes 
Fick readings Ndt). 7 to 9. 

Observaiims. 

H. M, 8. 

A. 11 12 20.— Chloroform pushed to stoppage of respiration and re- 

covery with artificial respiration. 

B. 1118 0. — Chloroform again ; and evulsion of nails at llh.21m.0s., 

llh. 21m. 40s., llh. 22m. Os. and llh. 22m. 30 b. 

without any effect. 

C. 11 23 40. — Chloroform in vertical position. 

D. 11 25 0 and llh. 26m. 40s. evulsion of nails. 

E. 11 40 0. — Chloroform : during this administration the femoral 

artery was opened and the effects of bleeding ob- 
served. The experiment ended at llh. 52m. 16s. 

October 28th. — No. 33. 

Strong, full-sized dog. Put under chloroform at 2h. 48m. 30s. Dog 
removed from the box and put on the table at 2h. 56m., and kept quiet with 
chloroform on the cap from time to time. Carotid tied at 3h. Im. 30s. Arti- 
ficial respiration at 3h. 3m. 15s. Breathing naturally again at 3h. 4m. 30 b. 
Canula inserted at 3h. 7m. 30s. Still having chloroform from time to time. 
Connection made with the manometer at 3h. 8m. 30s. The Ludwig tracing 
shows the effect of (a) ordinary chloroform inhalation, (£) pressure on the abdc 
men, (c) inversion of the body, (d) administration of ether until death resulted. 
Post-mortem— Vegetations on pulmonary valves, one of the valves being 
adherent to the wall of ventricle. The Fick tracing has seven readings in it, 
which are fully explained on the tracing. Fick 7, taken when ether was pushed, 
shows exactly the same slowing of the pulse when the respiration has stopped 
as occurs with chloroform. 

Experiment 33 shows the condition of semi-anresthesia produced by ether 
held rather closely over the mouth. If more perfect anaesthesia is required it 
can be procured by more rigid exclusion of air; but then there is exactly the 
same danger as in giving chloroform. How very rapidly the pressure may 
fall and death ensue from ether is shown when the anaesthetic was pushed 
and air excluded at the end of the experiment. 

October 28th. — No. 34. 

Full-sized, fairly-nourished pariah dog. Chloroform in box 3h. 52m. ISs. 
Bemoved from the box and put on the table and kept under chloroform in the 



asaal way. Artery tied at 4h. 8m. 45b. Gantda inserted at 4h. 9m. 468. Con- 
nection made with the manometers at 4h. 11m. SOs. Trace I. Ludwig shows 
effects of ether and chloroform alternately, and finally death from chloroform, 
and includes 12 Fick readings. Trace I. Fick gives the whole of the 12 Fick 
readings in four revolutions of the drum. 


October 29th. — No. 35. 

Full-sized healthy pariah. Put into the chloroform box at 8h. 18m. SOs. 
Fallen down at 8h. 22m. 408. Placed on the dog-board at 8h. 24m. 18s. and 
kept quiet with chloroform from time to time. Dog was found to be whining 
even when the cornea was insensitive and breathing stertorous, although 
chloroform had not been given for some minutes. Carotid ligatured at 8h. 
40m. SOs. No. I. Ludwig shows effects of application of bicarbonate of soda 
to the vagus ; electrical stimulation of the vagus and of chloroform adminis- 
tration ; and includes five Fick readings. Tracing No. II. shows the effect of 
applying an ammonia bottle to the nose and of giving chloroform until 
death, and includes Fick readings Nos. 6 to 9. Tracing No. III. Ludwig is not 
preserved, but a partial tracing (III. Fick) reading No. 10 is included in 
the Fick tracing of dog No. 36. 

October 29th. — No. 36. 

Temperature of the room 25 Cent. Full-sized pariah rather thin. Into 
chloroform box lOh. 45m. SOs. Taken out of box and placed on the dog-board 
lOh. 56m. 158. and given chloroform on a cap from time to time. Struggling and 
crying, although cornea nearly insensitive. Carotid ligatured at llh. 4m. 58. 
Canula inserted at llh. 10m. 508., and connection with manometers made 
at llh. 26m. 208. Canula accidentally slipped out of the artery at llh. 40m. SOs. 
Dog kept quiet under chloroform and connection again made at llh. 60m. SOs. 
Two Ludwig and two Fick tracings during (a) application of carbonate of soda 
to the entire vagus nerve ; (5) administration of chloroform ; (c) electrical irri- 
tation of the right vagus ; (d) ligature and division of both vagi ; (e) irritation 
of the peripheral ends of the two vagi separately ; (/) irritation of the peri- 
pheral end of left vagus when the animal was deeply under chloroform ; 
(^) irritation of the central ends of the two vagi separately ; and, finally, 
(A) administration of chloroform continuously until death. 
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October 29th.— No. 87. 

Temperature of room 26 Cent. Full-grown common monkey. Given 
chloroform on a cap while in the cage. Placed on the table 3h. 2m. 308. and 
kept quiet under chloroform as before until connection made with the mano- 
meter at 3h, 59m, 60s. Two Ludwig and one Fick tracings. Trace L Ludwig 
shows effect of (a) ordinary chloroform administration, evulsion of toe-nail, (c) 
irritation of the entire vagus, and includes five Fick readings. Trace 11. shows 
effects of (d) administration of ether, but is much interrupted by accidents to 
the apparatus. It includes Fick readings 6 to 8. Manometer given up on 
account of clots at 4h. 53m. Cornea sensitive at 4h. 54m. 15s. Chloroform 
given at 4h. 64m. 30s. Pulse perceptible but breathing purely laryngeal at 4h. 
57m. 45b. No pulse at 4h. 59m. Heart inaudible at 5h., but a thin stick 
on a needle thrust into the heart continued to vibrate regularly till 5h. Im. 

October 30th. — No. 38. 

Temperature of the room 26 Cent. Full-sized pariah dog. Chloroformed 
in the box at 7h. 4m. Placed on the table at 7h. 51m. 40s. and kept quiet with 
chloroform. Jugular vein ligatured. Connection made with manometers at 
8h. 45m. 10s. Manometer stopped at 9h. 45m. Dog killed with chloroform. 
Respiration stopped 9h. 26m. 30s. Pulse stopped 9h. 29m. Heart stopped 
9h. 30m. 40s. One Ludwig and one Fick tracing during (a) ordinary chloro- 
form administration ; (6) irritation of loft vagus with the secondary coil dis- 
tant from the primary 15 centimeters. The Fick tracing consists of three 
readings 

1. A failure. 

2. Irritation of left vagus, coils 16 cent, distant. 

3. Irritation of left vagus, coils 10 cent, apart. 

This last reading was, however, interrupted by clotting. 

October 30th. — No. 39. 

Large fairly-nourished pariah. Chloroformed and placed upon the table at 
lOh. 14m. Jugular vein tied and canula inserted into carotid. Connection made 
wilh manometer at lOh. 53m. Animal eventually killed with ether. Two 
Ludwig and two Fick tracings. Trace L Ludwig shows the effects of (o) irri- 
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tation of the left vagos with the coils 10 cent. apaH ; (b) injection of phjsos- 
tigmine into the jngolar vein ; (c) lifting the vagas from its bed ; and indndes 
6 Fick readings, which show the effect of (d) irritation, of the entire left ragns ; 
(e) application of saturated solution of carbonate of soda to the vagns. Trace 
n. Ludwig shows effect of (/) ligature of left vagus ; and {g) inhalation of 
chloroform with rapid but temporary falls of pressure that frequently occur 
when animals hold their breath at the commencement of the administration. 
It includes Fick readings 7 to 10, which show the effect of (A) pinching the 
vagus with forceps ; (* ) irritation of the peripheral end of the vagus ; 0 ) 
evulsion of the toe-nails ; (k) gradual death from ether. 

October 30th. — No. 40. 

Temperature of the room 26^ Cent. Full-sized pariah dog, the same that 
had been used in Experiments Nos. 25, 26, and 27, in which experiments ho 
had shown a remarkable power of recovering after chloroform had been pushed 
until he was to all appearances dead. Chloroformed in box at Ih. 69m. 428. 
Lying down at 2h. 5m. and placed on the table at 2h. 5m. 25s., being quite 
under and with its cornea insensitive. Chloroform given from time to time. 
Artery ligatured at 2h. 25m. 158. Artificial respiration at 2h. 36m., but breath- 
ing spontaneously again at 2h. 38ra. 408. Connection made with manometer 
at 2h, 46m. 408. Artificial respiration was again employed at 2h. 56m. SOs. 
during an interruption in the tracing, but breathing became natural again at 
2h. 56m. Drum changed at 3h. 18m. SOs., and during interruption sciatic 
nerve exposed. Drum changed again at 3h. 53m. 20b. Three Ludwig trac- 
ings and three Fick. Animal just coming out of chloroform. 

II. M. s. 

A. 2 45 40. — Inversion of the body, vide Fick 3. 

B. 2 59 30.— Do. do. 

C. 3 5 0. — ^Irritation of left vagus (entire) with coils distant 16 

cent. It is doubtful if the irritation was efficient. 

D. 3 7 0. — ^Irritation of the vagus after administration of 

physostigmine. 

E. 3 9 30. — Evulsion of toe-nail. 

F. 3 29 0. — ^Irritation of the exposed sciatic nerve with gradually 

increased strength of current ; coil 16, 10, 6, «id 0. 



40 


H M. S. 

G. 4 ll 0. — Irritation of left vagus, coil 16 after another dose 

(l-50th of a grain) of physostigmine. 

Irritation of sciatic nerve again, coil 15. 

H. 4 21 O.-—" Irritation of sciatic under increasing coil 15, 10 

5 and 0. 

I. 4 21 60. — Chloroform administered for 36 seconds. 

J. 4 25 0, — Chloroform pushed. The respiration stopped at 

4h. 27m. 16s. After this there were occasional 
gasps, and at 4h. 29m. 30s. the needle in the heart 
stopped moving. Artificial respiration was com- 
menced at 4h. 30m. 10s. The animal quickly 
recovered and breathed naturally at 4h. 31m. 158. 

K. 4 37 0. — Ether administered. Respiration again ceased tem- 

porarily. 

L. 4 42 0. — Chloroform pushed again till death. 

Experiment No. 40 was frequently interrupted by clots forming in the 
tubes. The experiment shows how very remarkable the success of artificial 
respiration is in somo apparently hopeless cases in restoring the circulation. 
During Pick 12 the heart had ceased beating after the administration for two 
minutes of concentrated chloroform vapour. Every body thought the dog 
was dead, but ho was easily restored by artificial respiration. Before the 
observation at Fick reading 12, the animal had been kept under chloroform 
off and on for two hours and a-half ; and for the two minutes immediately 
preceding the stoppage of the heart it had been pushed regardless of the 
breathing. The explanation of the easy restoration of the animal by artificial 
respiration is that he was suffering more firom the effect of asphyxia than from 
the effect of chloroform. 

October 31st. — No. 41. 

Temperature of the room 24 Cent. Full-sized healthy pariah with a wound 
on the buttock. Placed in the chloroform box at 9h. 48m. Fell down 9h. 52m. 
30 b. Taken out of box and placed on the table at 9h. 66m. Cornea insensible 
9h. 67m. Connection made with manometer at lOh. 21m. Three Ludwig 
and one Fick tracings. 
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Trace 1. Lndwig shows effect of— 

H. M. B. 

A. 10 22 0.— Inhalation of chloroform with Junker, squeezed 

40 times a minute, at the commencement of which 
there was a striking but temporary fall of pres- 
sure such as often accompanies the struggling 
and holding breath that ensue when the first 
whiffs of concentrated vapour are taken into the 
air-passages. This fall shows that tho Junker 
apparatus interferes with the breathing. 


B. 

10 

30 

10. — Inhalation of ammonia. 

C. 

10 

31 

30. — Evulsion of toe-nails. 

D. 

10 

33 

0.— Extraction of teeth. 

E. 

10 

40 

30. — Lritation of nostril. 

Trace II. Ludwig shows effects of— 


H. 

M. 

8. 

F. 

10 

53 

5. — Junker inhalation at tho rate of 20 squeezes a 
minute. 

G. 

10 

56 

0. — Catching hold and snipping off a piece of tho skins 
of tho anus. 

H. 

10 

67 

30. — Pushing chloroform after respiration has stopped, 
and then artificial respiration. 

I. 

11 

2 

0. — Ligature of tho right vagus. 

J. 

11 

4 

0. — Repetition of 3 and 4 and irritation of the central 


end of the cut vagus after the respiration had 
stopped. 


Trace III. Ludwig shows effects of— • 

H. M. 8. 

K. 11 20 0. — Junker administration with 10 squeezes per minute. 

L. 11 22 30.— Irritation of central end of right vagus when dog 

. “ well under,” but not in danger. 

M. 11 44 0. — ^Artificial respiration, delayed for nearly a minute after 

spontaneous respiration had ceased. 

N. 11 50 0. — Haemorrhage to 8 oz. firom the femoral artery. 

O. 11 55 0.— Continued administration of chloroform by Junker at 
10 squeezes per minute. 


f 
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'If 

A clot liaving been found, the experiment was closed by squeezing the 
Junker apparatus rapidly 80 times a minute. The heart-beat (indicated by a 
flag* thrust into the heart) continued six minutes after the respiration had 
entirely ceased and 3m. 15s. after the pulse was imperceptible. 

The one Fick tracing includes 7 readings taken at periods indicated on the 
third Ludwig tracing. 

November 1st. — No. 42. 

Temperature of the room 22.J Cent. Full-sized healthy pariah. Chloro- 
formed and placed on the table at 8h. 18m. 20s. Haemorrhage from the 
mouth while in the box about 1|- oz„ the result of violent strangulation in 
restraining his movements. Kept quiet with chloroform as before. Struggled 
violently while taking some chloroform and in consequence was given an over- 
dose. Artificial respiration was resorted to at 8h. 22m. 50s., and was continued 
till 8h. 34m., but the dog did not recover. Post-mortem — Base of the left 
lung engorged ; both sides of the heart very much distended with venous 
blood ; valves healthy. 

This dog’s death was undoubtedly the result of .the reckless carelessness 
whiclv had marked the proceedings from the commencement, and was due 
quite as much to asphyxia as to chloroform, 

November Ist. — No, 43. 

Temperature of the room 23]^ Cent. Full-sized healthy pariah. Chloro- 
formed in the box as before. Placed on the table at lOh. 5m. and kept quiet, 
breathing stopped at lOh. 13m. 308. Artificial respiration until lOh. 14m. 308. 
Carotid ligatured at lOh. 17m. 30s. Canula inserted into the carotid at lOh. 20m. 
Connection made with the manometer at lOh. 25m. Two Ludwig and one 
Fick tracings. 

Observattom. 

H. M. 8. 

A. 10 25 0. — ^Administration of chloroform with Junker squeezed 

10 times a minute, using the ordinary mouth-piece. 

B. 10 30 20. — Administration of chloroform with the lead tube of 

the Junker thrust into the nostril in place of the 
mouth-piece, at first at the rate of 10 squeezes per 
minute, afterwards 20. 
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H. M. ». 

C. 10 35 0. — Squirting a few minims of chloroform into the nostrU. 

D. 10 44 20. — ^Administration of ether with a bladder, air being 

admitted through a side opening every five seconds 
(the ether administered in this way tailed to keep 
the dog in a state of antesthesia). 

Trace II. Liidwig shows effects of — 

H. M. 8. 

E. 10 52 0. — Junker inhalation, with mouth-pioco at 10 squeezes a 

minute. 

F. 11 5 30. — Rapid administration of chloroform with Junker as is 

done frequently in hospitals, without attending to 
the signs of danger, while the operation for phymosis 
was being perfonnod. The dog was dead after |0 
minutes, very nearly four drachms of chloroform 
being used. 

November 1st. — No. 44. 

Temperature of the room 25.^ Cent. Full-sized well-developed pariah dog. 
Into chloroform at 2h. Im. Taken down at 2h. 11m. Put on dog board 2h. 11m. 
SOs. and kept under chloroform as before. Ligature of the carotid at 2h. 17m. 
408. Connection made with manometer at 2h. 26m, 408. Throe Ludwig trac- 
ings and two Fick. Trace I, Ludwig shows (dfeets of administration of other 
wdth a bladder, air being admitted through a side opening every ten seconds. 
(This failed to keep the animal under.) Trace II. Ludwig shows oflbets of ad- 
ministration of ether with Junker’s inhaler provided with a close fitting mouth- 
piece and also the effect of rapid hajmorrhage to 12 oz,, from the femoral artery. 
Trace III. shows continued ether administration with Junker, and lastly death 
by pushing chloroform. Fick readings : — 

(1) Natural. 

(2) During ether administration with bladder. 

(3) Do. do. do. 

(4) Do. do. do. 

(5) Ether with Junker’s inhaler ; animal “ over”. 

(6) Ether immediately rafter 12 oz. haemorrhage. 
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(7) Sam^ as 5 ; bnt a little later the effect of the hsemorrhage still 

marked. 

(8) The same ; only more under the influence of ether. 

(9) Just after ether was stopped. 

(10) Effect of chloroform pushed. 

(11) Do. do. 

(12) Do. respiration -stopped. 

(13) The animal dying. 

(14) Dead. 

In this experiment (44) the figures (1), (2), (3), &c., refer to the Fick readings. 

November 2nd. — No. 45. 

Temperature of the room 23 Cent. Full-sized healthy pariah dog. Chloro- 
formed at 9h. 62m. 45s. Fell down at 9h. 58m. 16s. Put on the table at lOh. 
Im. 25s. Kept quiet under chloroform. Respiration stopped and artificial 
respiration at lOh. 15m. Breathing spontaneously at lOh. 16m. 40s. Carotid 
artery ligatured at lOh. 18m. 6s. Respiration stopped at lOh. 22m. 5s. Artificial 
respiration until lOh. 23m. 5s. Connection made with manometer at lOh, 29m. 
80s. Three Ludwig and three Fick tracings. During trace I. Ludwig ether 
was administered with bladder inhaler and a closely fitting mouth-piece, air 
being admitted every fifth and afterwards every tenth respiration, but this failed 
to keep the dog in a state of anassthesia. Trace II. shows administration of 
A. C. E. mixture by a Junker’s inhaler, 10 squeezes per minute at first, then 
20 squeezes, and finally with rapid squeezes. Trace III. shows the death of the 
dog, the blood-pressure remaining at 32mm. The three Fick tracings give 15 
readings at times marked upon the Ludwig tracings. Total A. C. E. mixture 
used, 9 drachms. 


November 2nd. — No. 46. 

Temperature of the room 25 Cent. FuU-sized healthy pariah. Chloro- 
formed in box at 2h. 12m. lOs. Placed on the table at 2h. 26m. 308. and kept 
quiet with chloroform. Artificial respiration 2h. 23m. SOs. to 2h. 30m. 60& 
Artery ligatured 2h. S8m. 558. Artificial respiration again 2h. 42m. to 2h. 42m. 
208. Connection made with manometers at 2h. 46m. SOs. whan the dog was 
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jiist coming otit of Two Ludwig and throe Fiok trarangw- Trace I, 

Ludwig was taken during the administration of A. C. E. mixture with Junker’s 
inhaler, at first at the rate of 10 squeezes a minute, afterwards rapidly. Dur- 
ing trace n. Ludwig the A. C. £. administration was continued, but as the 
effect was not sufficient, the bottle was filled up to 2 oz. with fresh A. C. E., 
after which the dog died rapidly. The three Fiok tracings include 8 readings 
taken at times noted on the Ludwig tracings. Total A. C. E. mixture used, 13| 
drachms. 


November 2nd. — No. 47. 

Temperature of room 26^ Cent. Full-sized healthy pariah, to whom ^ a 
grain of morphine had been given hypodermically about ^ an hour before. 
Given A. C. E. mixture on a cap 3h. 43m. Cornea insensible 3h. 44m. and 
placed on the table ; quite under. Canula inserted into carotid 3h. 53m. 
Cornea sensitive and gave more A. C. E. at 3h. 56m. A. C. E. stopped again 
3h. 57m. 458. Connection made with manometer 8h. 57m. One Ludwig and 
one Fick trace showing the effect of killing the animal with A. C. E. on a cap. 
The quantity of A. C. E. used was not measured, 

November 4th. — No, 48. 

Temperature of room 21 Cent. Unusually largo strong pariah dog, which 
had been fed habitually in the hospital. Chloroformed in the box at 7h. 22m. 
Put on the table and cornea insensible at 7h. 44m. lOs. Artery ligatured 
7h. 56m. 508. Canula inserted into carotid at 8h, 7m, 158. Connection made 
with manometers at 8h. 34m. One Ludwig and one Fick tracings showing the 
effect of pushing chloroform with the ordinary cap. Recovery appeared for a 
few seconds to have been effected by artificial respiration, but he again ceased 
breathing and died. Post-mortem — More fat than usual throughout the whole 
body. A small cyst in the walls of the msophagus. Heart healthy. 

November 4th. — No. 49. 

Temperature of room 23 Cent. Small-sized healthy pariah dog. Into 
chloroform box at 9h. 44m. 408. Placed on the table at lOh. and kept quiet 
with chloroform. Carotid ligatured at lOh. 9m. Connection with manometers 
at lOh. 20m. Three Ludwig and four Fick fracings. Trace I. Ludwig shows 
effeot of pushing first chloroform, then etiier, and lastly A. C. E., and reviving 
the dog each frme with artafidal r^fhration. Traces H. and UL show a repetition 
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of the abore (administration of chloroform, ether, and A. 0. E.) and finally 
death firom chloroform. The four Fick tracings include 25 readings at times 
noted on the Ludwig tracings. 

Observations. 

H. M. s. 

A. 10 20 30. — Chloroform on cap. 

B. 10 25 0. — Respiration stopped and immediately afterwards the 

heart’s action was arrested. This is what is called 
secondary syncope. It is not however syncope at 
all, but is inhibition of the heart due to vagus 
stimulation, and is a safeguard in that it delays the 
conveyance of the chloroform to the nerve centres. 
( Vide Fick 2 and compare with Fick 8.) 

0. 10 25 10.— Artificial respiration showing the easy restoration 

of the animal. 


D. 10 30 20. — ^Ethor on cap. 

E. 10 33 35. — Respiration stopped. 

F. 10 33 50. — Artificial respiration and gradual restoration. 

G. 10 38 50. — A. C. E. mixture on cap. This observation shows 

that chloroform, ether, and the A. C. E. Mixture 
produce precisely similar effects, only varying in 
intensity. 

H. 10 41 30. — Respiration stopped. The same arrest of the heart’s 

action subsequently took place as in observation 

C. Compare Fick 8 and 9 with Fick 2 and 3. 

I. 10 42 0. — Artificial respiration and gradual restoration. 

J. 10 49 45. — Observation B repeated. The record is incomplete 

on account of an interruption from clot. 

K. 11 5 0.— Ether, with very little air, on cap. Respiration 

stopped at llh. 9m. 30s. Artificial respiration at 
llh. 10m. Os. restored the animal. 

L. 11 27 0.— A. C. E. mixture on cap pushed till stoppage of the 

respiration. Restoration by artificial respiration. 

M. 11 39 46i — Chloroform on cap pushed till death. 
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November 4th. — ^No. 60. 

Temperature of room 25 Cent. Strong mongrel. Into chloroform box at 
2h. 27m. 50s. Placed on the table strngghng violentlj at 2h. 38m., and was 
given chloroform on a cap. Stopped brealhing at 2h. 39m. 50s. Artificial 
respiration was at once begun and the animal breathed spontaneously at 2h. 
42m. Artificial respiration was again necessary almost immediately and failed 
to restore natural respiration. Post-mortem showed that the abdominal cavity 
was full of blood from rupture of the liver. The pericardium was adherent ; 
valves healthy. Small abscesses in spleen and liver. This death was the 
result of excessive zeal and energy in the performance of artificial respiration. 

November 4th. — No. 61. 

Temperature of room 25 Cent. Full-sized fairly-nourished pariah. Put 
into chloroform box at 2h. 50m. 55s. Fell down at 2h. 55m. Placed on the 
dog-board at 2h. 58m. 158. Artery ligatured at 3li. 5m. 308. Connection made 
•with the manometers at 3h. 12m. 40s. One Ludwig and one Fick tracing. 
The Ludwig tracing shows (a) the depressing effect of thrusting a needle into 
the heart ; (b) a slighter but distinct depression while struggling at the 

commencement of ether administration ; (c) death from other when pushed 
with an ordinary cap covered with Mackintosh. The Fick tracing includes 
seven distinct readings at times noted in the Ijudwig trace. Tho readings 
along the top of the Fick tracing were produced by a system of Maroy’s tam- 
bours connected with a needle in the heart. Post-mortem — Ucart healthy ; 
liver ruptured, but only a small quantity of blood in tho abdomen. 

II. M, 8. 

A. 3 13 30. — Needle thrust into the heart. 

B. 3 16 0. — Ether administered ; tho effect of struggling caused 

slowing of the heart, exactly in tho same way as it 

does under chloroform, and is well shown in Fick I. 

C. 3 22 50. — Respiration stopped. 

D. 3 23 20. — Artificial respiration : death. 

November 4th.— No. 62. 

Temperature of room 25^ Cent. Full-sized strong pariah put into the 
chloroform box at 3h. 38m. Fallen dowm at 3h. 40m« 508. Placed on the table 
at 3h. 42m. 45s. and kept quiet with chloroform. Carotid artery ligatured 



dh. 49m. 506. Ctfnula inserted Sh. 58m. 40s. Ck>naedion made witli manometers 
at 4h. One Lndwig and two Fick tracings during — 

{A) Administration of A. 0. £. with marked but intermittent &ll8 in 
the blood-pressure during struggling. 

(B) Pushing A, C. £. until respiration stopped. 

( C) Artificial respiration. 

(i)) Thrusting a needle into the heart. 

{E) Pushing A. C. E. until death resulted. 

Post-mortem — Organs healthy. Above two drachms of blood in the 
pericardium. 

Obaervatwns. 

H. M. 8, 

A. 4 3 0. — A, C. E, mixture : struggling, and consequent irre- 

gularities in the fall of blood-pressure of precisely 
the same kind as those which occur under similar 
circumstances with chloroform and with ether : 
a needle was thrust into the heart twice during the 
observation. The A. C. E. mixture was pushed till 
stoppage of the respiration at 4h. 6m. Os. A needle 
was ^thrust into the heart again at 4h. 9m. BOs. 
during revival ; and the depressing effect of this 
operation is well shown in the tracing. 

B. 4 11 30. — A. C. E. mixture pushed till respiration stopped : 

death. In Experiment 52 the effect on the heart of 
holding the breath is very fi:equently demonstrated 
in the Ludwig tracing from 4h. 11m. 358, to 
4h. 12m. Os. and in the Fick I. tracing 4. 

November 5th. — No. 53. 

Temperature of the room 23 Cent. Full-sized pariah dog. Into chlo- 
roform box at 7h. 47m. 20 b. Fallen down at 7h. 57m. Placed on the table at 
8h. 2m. 158. Artery ligatured at 8h. 17m. 20s. Canula inserted at 8h. 23m. 
30s. Connection made with manometers at 8h. 27m. 30s. Two Ludwig and 
two Fick tracings. The tracings show the effect of pushing first chloroform 
and afterwards ether administered on an impervious cap, and finally killing 
with chloroform. They also show the effect of thrusting a needle into the 
heart, and. the continued irritation caused by its presence. Post-xnortena — 
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Three drachms of blood in the pericardium. Mitral valves a little thickened. 
Apex of right ventricle attenuated. 

Ohservaiions. 

H. M. B. 

A. 8 27 30. — Needle into heart. 

B. 8 30 40. — Chloroform pushed till stoppage of the respiration : 

revival by artificial respiration. 

C. 8 38 0. — Needle thrust into the heart. 

D. 8 41 0. — Ether administered ; struggling and similar irregu- 

, larities in the circulation, as are observed during 

struggling under chloroform and the A.C.E. mixture. 

E. 9 23 35. — Chloroform pushed : the respiration stopped at 9h. 24m. 

30s. The heart continiiod to beat till 9h. 32m. 20s. 

November 6th. — No. 54, 

Temperature of the room 24 Cent. Full-sized pariah dog. Chloro- 
formed in box lOh. 9m. lbs. Dog fallen down lOh. 14m. 208. Placed on the 
table lOh. 15m. 258. Stopped breathing lOh. 16m. lOs. Artificial respiration 
tried without effect. Post-mortem — Organs healthy; two ribs fractured. In 
this case there was no doubt that chloroform had been carelessly administered 
while the operation for tying the carotid was being performed. 

November 5th. — No. 55. 

Temperature of the room 24 Cent. Full-sized healthy pariah dog. Put 
into the chloroform box at lOh. 29m. 258. Placed on the table at lOh. 42m. 30s. 
Artery ligatmed at lOh. 51m. SOs. Connection made w'ith the manometers at 
lOh. 56m. 10s. One Ludwig and one Fick tracing showing administration of 
ether without air, its failure to keep the dog under and finally death from 
pushing A. C. E. Post-mortem — two ounces of arterial blood in pericardium. 
The needle had passed through the lungs into the loft auricle. (In this as in 
previous cases the upper line on the Fick tracing is produced by a system of 
Marey’s tamboiu's connected with the needle in the heart.) 

H. M. s. 

A. 10 57 0. — Needle thrust into heart. The depressing effect of this 

measure is shown in Fick reading 1. 

B. 11 0 26. — Ether with the air excluded. 

C. 11 21 20.— A. C. £. jnixtnre pushed till death* 
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Norember 6th. — ^No. 66. 


Temperature of the room 26^ Cent. Full-sized strong pariah. Chloro- 
form given at Ih. 48m. SOs. Fallen down at Ih. 66m. 30s. Placed on the table 
at Ih. 68m. 10s. Artery ligatured at 2h. 6m. 45s. Canula inserted at 2h. 
11m. SOs. Connection with manometers at 2h. 15m. 15s. In this experiment 
it was intended to smother the dog with a tin mouth-piece carefully closed, but 
after death it was foimd that a sponge with a small amount of chloroform upon 
it had been accidentally left inside the mouth-piece. One Ludwig and one 
Fick tracing showing — 

Observatiom. 

H. M. s. ' 


A. 2 16 20. — Chloroform ; stopped at 2h. 17m. 40s., needle into the 

heart at 2h. 17m. 50s. 

B. 2 20 6. — Simple asphyxia with a very small quantity of chloro- 

form, accidentally left in the inhaler. At 2h. 27m. Os. 
the heart’s action was arrested, probably owing to 
vagus stimulation, for 15 seconds (m'tZe Fick 7). 
The heart stopped finally at 2h. 30m. Os. 

Fick reading 8 shows clearly the gradual cessation of movement in the 
needle thrust into the heart. Post-mortem examination showed general venous 
congestion ; small haemorrhage in the lungs ; a small cyst in the wall of the 
heart, and a large suppurating lymphatic gland in the wall of aesophagus. 


November 5th. — No. 57. 

Temperature of room 26 Cent. Full-sized pariah. Chloroformed in box 
2h. 37m. 15s. On the table 2h. 42m. SOs. Artery ligatured 2h. 49m. Con- 
nection made with manometer 2h. 53m. One Ludwig and two Fick tracings. 
An attempt was made to simply smother the dog with the padded mouth- 
piece ; but complete asphyxia could not be produced, and he was eventually 
killed with A. C. E. mixture pumped into the mouth-piece with Junker’s 
inhaler. Fick readings 4, 6, and 7 show very well the slowing of the heart 
produced by asphyxia. Post-mortem — Intense venous congestion. 

Observatiom. 

H. M. s. 

A. 2 63 40. — Partial asphyxia. 

B. 3 11 6. — A. C. E. mixture pumped into the mouth-piece with 

Junker’s inhaler till death. Respiration ceased at 
8h. 16m. Os. and the heart stopped at 3h. 20in. 16b. 



November 5tJi. — ^No. 58. 

Temperature of the room 26 Cent. Full>Bized powerfiil pariah dog. Into 
the chloroform box at 3h. 28m. 15s. Fallen down at 3h. 32m. lOs. Placed on 
the table at 3h. 33m. 458. and kept quiet with chloroform. Artery ligatured 
at 3h. 40m, Canula inserted at 3h. 43m. 308. Connection made with manome- 
ters at 3h. 44m. 35s. One Ludwig and one Fiok tracing. Asphyxia by means 
of the mouth-piece was again attempted, but as this failed to kill the dog owing 
to leaks, chloroform vapour was pumped into the closed mouth-piece with 
Junker. Unfortunately directly after this a clot formed in the tube. 

November 6th. — No. 59. 

Temperature of room 22*5 Cent. Full-sized pariah. Into chloroform 
box at 8h. 20s. Fell down at 8h. 9m. 45s. Placed on the table at 8h. 10m. 
Temperature in rectum 100'4 F. More chloroform at 8h. 17m. 358. and again 
at 8h. 23m. SOs. Canula inserted at 8h. 26m. 30s. Connection made with the 
manometers at 8h. 32m. 20s, One Ludwig and two Fick tracings sliowing the 
effect of asphyxiating the animal by holding a carefully-sealed inhaler over his 
muzzle. The act of tlirusting the needle into the heart did not cause any fall 
of pressure. Temperature in the rectum 99 F, at the end of experiment. 
Post-mortem presented all the appearance of asphyxia. The noodle had entered 
the heart through the auriculo-ventricular groove and just reached the interior 
behind one of the semi-lunar valves. No blood in the pericardium. 

November 6th. — No, 60. 

Temperature of room 23^ Cent. Large size dog. Into chloroform box 
at lOh. 3m. Fell down at lOh. 12m, Placed on the table at lOh. 13m. Tem- 
perature in the rectum 100‘4 F, A little chloroform given at lOh, 21m. Artery 
ligatured at lOh. 22m. lOs. Canula inserted at lOh. 25m. Connection made 
with manometer at lOh. 27m. One Ludwig and one Fick tracings. Asphyxia 
was first produced by smothering the dog with an empty inhaler, and then 
chloroform was pumped into the still air-tight inhaler. Death resulted very 
rapidly. From Fick reading 8 it was thought that the heart had stopped 
simultaneously with the respiration, but, on opening the thorax, the heart was 
found to be still beating, and it continued to do so for some minutes. Post- 
mortem appearances those of chloroform poisoning. Temperature after the 
eacpeiriment 99 F. • 

■V- 
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Ohaervatiom. 

A. lOh. 28m. Os. — Smothering with an empty inhaler. The irregular 
fell of pressure due to asphyxia, and to asphyxia combined with chloro- 
form, is seen in Fick readings 1 and 2. 

B. lOh, 32m. 6s. — Chloroform pumped into the air-tight inhaler. 
Fick 3 shows the very rapid fall of pressure due to vagus stimulation in an 
animal already partially asphyxiated, and how quickly chloroform-poison- 
ing and paralysis of the respiratory centre occurs under these circum- 
stances. From Fick 3 and the absence of pulse it was thought by every- 
body present that the heart had altogether stopped, simultaneously with 
the respiration, at lOh’. 33m. Os., but when the thorax was opened at lOh. 
36m. 30s., three minutes and-a-half after the breathing stopped, the heart 
was found to be beating vigorously, and it continued to do so till lOh. 
39m. 50s., nearly seven minutes after the cessation of respiration. 

Experiment No. 60 affords an excellent example of the remarkable slow- 
ing and even temporary cessation of the heart’s action, which occurred again 
and again throughout the Commission’s enquiry at the same moment as the 
respiration stopped. The heart always recovered itself and began to beat re- 
gularly again before any steps were taken to restore the animal and without 
any respiration taking place. (Fzi/c Experiments Nos. 49, 162 and 178, and 
compare with 60). The failure of the heart, if such it can be called, instead of 
being a danger to the animal, is a safe-guard by preventing the absorption of 
residual chloroform from the lungs and its distribution through the system. If 
the arrest of the heart in these experiments is due, as it appears to be, to 
vagus stimulation, there is no doubt that the inhibiting action benefits the 
organ and, besides resting it, acts on it as a tonic. * 

November 6th. — No. 61. 

Temperature of room 24 Cent. Full-sized pariah dog. Put into the 
chloroform box at lOh. 42m. Fallen down at lOh. 55m. 308. Placed on the 
table at lOh. 57m. 45s. Temperature in the rectum 99-2 F. Artery ligatured 
at llh. 4m. A little chloroform given at llh. 9m. Connection made with the 
manometers at llh. 10m. 15 b. Temperature after death 98*2 F. Two Ludwig 
and two Fick tracings showing the effect of giving ether to an asphyxiated 
animal The extraordinary fell of pressure, which occurred at the commence- 
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me&t of the ether inhalation, is noticeable. It was the accompaniment probably 
of struggles and holding breath, though this was not noted on the tracing. As 
ether did not appear to be going to kill the animal in a reasonable time, chloro- 
form was pumped into the inhaler and death ensued rapidly. The second 
Ludwig tracing is imperfect, on account of the float not working freely in 
the tube of the manometer. The needle was found in the apex of the left 
ventricle. 


November 6tb. — No. 62. 

Temperature of the room 25*5 Cent. Full-sized strong pariah dog. Put 
into chloroform box at 2h. 25m. Fallen down at 2h. 32m. SOs. Put on the 
table at 2h. 34m. SOs. Temperature in the rectum 101 F. Artery ligatured at 
2h. 40m. SOs. Canula inserted into the carotid at 2h. 44m. Connection made 
with the manometers at 2h. 46m. One Ludwig and one Fick tracing. A little 
chloroform was given at first to quiet the animal and diminish the excursions 
of the needle. Afterwards the empty inhaler was applied and made as air-tight 
as possible, and, lastly, A. C. E. was pumped into the inhaler until death ensued. 
The end of the experiment was interrupted l)y a clot. Temperature in the 
rectum 99 F. after the experiment. 

November Cth. — No. 63. 

Temperature of the room 25-5 Cent. Medium-sized strong pariah dog. 
Put into the box and chloroform given at 3h. 19m. lOs. Fallen down at 
3h. 30m. 158. , Brought on to the table at 3h. 31m. 15s. Temperature in the 
ri-ctum 101’6 F. Chloroform from time to time to keep him quiet. Artery 
ligatured at 3h. 41m. 25s. Canula inserted into carotid at 3h. 42m. 50s. Glass 
tube tied in to the trachea at 3h. 50m. Connection made with the manometers 
at 3h. 53m. 

One Ludwig and one Fick tracing, showing the effect of opening and 
closing the tracheal tube {vide especially Fick readings 3 and 4). Chloroform 
was afterwards pumped into the tracheal tube by means of Junker’s inhaler 
until death ensued. 

November 7th.— No. 64. 

Temperature of the room 21 Cent. Full-sized pariah dog, rather thin. 
Pat into the chloroform box at 7p. 46m. 30 b. Fallen down at 7h. 62m. dOs. 
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Placed on dia table at 7h. 53m. and given a little cbloroform from time to time 
to keep Mm quiet. Artery ligatured at 8h. 5m. 10s. Temperature in the 
rectum 98*2 F. A loose ligature placed under both vagi Connection made 
with the manometer at 8h. 20m. 15s. Three Lud^g and three Fick tracings. 
Ludwig I. is during (a) a short administration of chloroform ; (J) ligature of 
the right vagus after the cMoroform was stopped, causing very marked 
and continued depression ; (c) artificial respiration ; (<i) division of the right 
vagus ; (e) peripheral irritation of the right vagus, electrically (coils distant 10 
cent.), with at the same time the pushing of chloroform on an ordinary cap for 
a little over two minutes ; {/) artificial respiration and gradual recovery. 
Ludwig tracing II. is during (g) peripheral irritation of the right vagus (Fick 
reading 9) ; {h) irritation of right vagus, peripheral as before, and pushing of 
chloroform at the same time (Fick reading II.) for about one minute ; {t) grad- 
ual recovery without artificial respiration ; (f) the same experiment again, 
irritation of right vagus and pushing chloroform, for over two minutes ; (k) 
recovery again without artificial respuation, but in the course of recovery, 
irritation of the right central vagus ; and (1) ligature and section of the left 
vagus. Ludwig tracing III. is during (m) irritation of the periphery of both 
vagi with pushing of chloroform at the same time for about two minutes ; («) 
opening and placinga tube into the trachea; (o) chloroform accidentally squirted 
into the trachea and gradual death of the animal. The time of the 22 Fick 
readings is noted on the Ludwig tracings. Temperature in the rectum after 
death 98'4 F. 


Observations. 

A. 8h. 20m. 30s. — Chloroform administered. Irritation of right 
vagus at 8h. 22m. Os. causing almost total arrest of the pulse from 
8h. 22m. Os. to 8h, 23m. 45s. During this period there were only 
25 pulsations registered, and most of these pulsations occurred during 
the last 45 seconds {vide Fick 2). Chloroform was pushed to stoppage of 
the respiration and the animal was restored by artificial respiration. The 
vagus was divided at 8h. 27m. Os. 

B. 8h. 29m. 60s.— Irritation of the peripheral end of the right vagus 
when the animal was out of chloroform. The slowing of the heart and 
great fall of blood-ju'essure caused by stimulation of the vagus are well 
shown on the Ludwig tracing. The administrstitm of chlencfonn was 



odm^aoed during more or less complete inhibition of &e heart (t^ Fidk 
5 and <$) irom 8h. 30m. lOs. to 8h. 32m. Os. The respiration ceased at 
8h. 32m. Os. and the chloroform cap was removed. Ariifioial respiration 
was not begun until 8h. 33m. 55s. and natural breathing was restored at 
8h. 39m. Os. 

C. 8h. 53m, SOs.— Irritation of peripheral end of right vagus 
followed by rapid chloroform administration at 8h. 53m. iOs. {vide Fiok 
11). At 8h. 54m. 15s. the vagus irritation was stopped, and the admin- 
istration of chloroform was discontinued at Sh. 54m. 30s. At 9h. Im. SOs., 
when the animal was coming round spontaneously, irritation of the peri- 
pheral end of the right vagus was again commenced while chloroform was 
pushed simultaneously and continued until 9h. 3m. 40s. The respiration 
entirely ceased at 9h. 3m. lOs. and recommenced spontaneously at 9h. 
4m. lOs. The chloroform cap was removed, but the. blood-pressure 
continued to fall, owing to the residual chloroform in the lungs, until 
9h. 4m. 408. (vide Fick 13). The central end oi‘ the right vagus was 
irritated from 9h. 6m. Sos. until 9h. 7m. SOs. and this caused vei-y sloto 
respircdion. The left vagus was divided at 9h. 9m. 408. 

D. 9h. 14m. 208. — Electrical irritation of peripheral ends of both vagi, 
causing an immediate fall of the blood-pressure almost to zero. Chloro- 
form adnunistration was pushed during complete iiUiibition of tlie heart’s 
action at 9h. 14m. 308. There was entire absence of pulse-tracing for 
more than one and-a-half minutes, the blood-pressure remained nearly at 
zero, and the breathing became slow. The irritation and the administra- 
tion of chloroform were both stopped at 9h. 16m. Os. The blood-pressure 
rose immediately to nearly its former height. It then gradually fell, 
exactly as it does in chloroform administration with normal breathing, 
and rose again spontaneously at the end of one minute. The fall of 
pressure after the cessation of vagus stimulation constitutes the most 
interesting phenomenon in this observation. From 9h. 14m. 208. to 
9h. 16m. Os. cardiac inhibition, with sudden and prolonged fall of blood- 
pressure, . was caused by stimulation of the vagi. The arrest of the 
circulation, due to stoppage of the heart, prevented the chloroform, which 
from 9h. 14m. 30a. was saturating the air deep down in the lungs, fh>m 
getting into the blood. But when the circulation was resumed at 

9h. 13m. Os. the chloroform was forthwith taken up by the blood, and 
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i;he respiration was no longer a factor in the process, except to eliminate it 
from the lungs. The effect of the uncontrollable absorption of chloroform 
into the blood was, not to giye rise to any paralysis or weakening of the 
heart, but simply to produce the ordinary regular and gradual fall of the 
blood-pressure, which is associated with narcosis of the nerve centres in 
the medulla, in normal chloroform inhalation. The trachea was opened at 
9h. 19m. Os. and a tube inserted at 9h. 19m. 50s, 

E. 9h. 26m. Os. — Chloroform was accidentally squirted into the 
trachea. Respiration stopped at 9h. 28m. 45s.; slight thoracic movements 
occurred at 9h. 31m. 25s ; a needle was inserted into the heart at 
9h. 33m. 30s; and the heart-movements were perceptible until 9h. 35m. 20s. 
The artery was cut and the pressure fell to zero at 9h. 36m. Os. 

November 7th. — No. 65. 

Temperature of the room 23^ Cent, Full-sized pariah, but very old. Put into 
the chloroform box at lOh. 43m. 30s, The dog escaped from the box, but was 
put into it again at lOh. 45m. 15s. Fallen down at lOh. 56m. Placed on the 
table at lOh. 56m. 45s. and given enough chloroform from time to time to keep 
him quiet. Temperature in the rectum lOO’S F. at llh. 4m. 20s. Artery liga- 
tured at llh. 7m. Canula inserted into the artery at llh. 6m. Loose ligature 
placed under both vagi. Connection made with manometers at llh. 20m. 58. 
Tliree Ludwig and three Fick tracings during (a) rapid chloroform admin- 
istration until respiration ceased and for about a quarter of a minute after- 
wards, ^'.e., for 1 minute in aU ; (h) gradual recovery without artificial respira- 
tion ; (c) double ligature and division of the right vagus ; (d) irritation of the 
peripheral end of the right vagus, together with pushing of chloroform by the 
ordinary cap for 2^ minutes. The distance of the coils was changed from 10 
cents, to 5 cents, in the middle of the experiment ; (e) gradual recovery without 
artificial respiration ; ( f) irritation of the central end of the right vagus 
(Fick reading 7) ; {g) pushing chloroform for nearly one minute and stopping 
the respiration, necessitating resort to (4) artificial respiration ; (t) irritation of 
the central end of the right vagus again (Fick 10); (j) irritation of the periphery 
of the vagus again with chloroform pushed as before for five minutes ; (k) 
spontaneous tendency to recovery assisted after 3j^ minutes by a short artificial 
respiration ; (1) ligature and division of left vagus ; (w) pulling at the vagi ; 
(n) irritation of both vagi, pushing chloroform for just over 5 minutes, while 
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artificial respiration was employed whenever tiie resjnration stopped so as to 
ensure the chloroform entering the lungs. Afterwards the dog took a few 
shallow respirations and then died in spite of artificial respiration. 

Temperature in the rectum just after death 98 F. 


A. llh. 22m. SOs. — ^Pushed chloroform ; breathing stopped at llh. 
23m. 34s.; chloroform cap removed llh. 23m. 50s ; breathing restored 
spontaneously without artificial respiration. 

B. llh. 30m. Os. — Chloroform pushed with simultaneous irritation of 
peripheral end of right vagus. The slowing of the pulse due to vagus 
stimulation is shown in Fick 4. Breathing stopped at llh. 32m. 35 b., 
and recommenced spontaneously at llh. 33m. 208. Fick 7 shows tlie 
tracing of the respiration and pulse during irritation of the central end 
of the vagus. The respiration was not stimulated, but arrested by the 
irritation of this portion of the nerve. 

C. llh. 38m. 5s.— Chloroform pushed till llh. 38m. 55 b., when the 
respiration stopped and the pulse tracing disappeared {vide Fick 8). The 
animal was restored by artificial respiration. The central end of the right 
vagus was irritated from llh. 41m. SOs. to llh. 42m. 208. The effect in 
slowing the respiration, and of this on the pulse, is well shown in 
Fick 10. 

D. llh. 51m. 55s. — Irritation of the peripheral end of right vagus 
follow'ed at llh. 52m. Os. by chloroform. Tho irritation and chloroform were 
kept up till llh. 67in. Os. Respiration stopped at llh. 64m. Os. There were 
a few gasps at llh. 57m, lOs. Artificial respiration was not commenced 
till 12h. Om. 40s. The animal recovered. The first respirations are seen 
in the Ludwig tracing between 12h. Im. Os. and 12h. 2m. Os. Tho effects 
of stimulation of the vagus in slowing tho heart and circulation are dis- 
played in readings 13, 14, 15, 16 and 17 Fick. The left vagus was divided 
at 12h. 4m. 55e. 

El. 12h. 12m. 458.— Irritation of the peripheral ends of both vagi and 
chloroform administration kept up till 12h, 18m. Os., the chloroform being 
inhaled by artificial respiration when natural respiration failed. Death 
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enetied. Experiment ^o. 66 provee that inhibition of the heart’s action, dne 
to stimulation of the vagi during continued chloroform adminietmrion, pre- 
vents rather than assists the fatal effects of prolonged chloroform inhalati<m, 
and that lowering of the blood-pressure either suddenly or graduaUj with- 
out weakening of the heart is in no sense a danger. 

November 8th — No. 66. 

Temperature of the room 21*5 Cent. Full-sized pariah dog. Into chloro- 
form box at 9h. 25m. 30s. Fallen down at -Oh. 33m. Placed on the table at 
9h. 35m. 45 b., and given chloroform now and again. Canula inserted into 
left carotid. Loose ligatures placed under both vagi and a large-sized glass 
tube tied into the trachea. Connection made with the manometers at lOh. 6m. 
The animal was first asphyxiated and then given ether through the tracheal 
tube by means of Junker’s inhaler. Death ensued rapidly. 

November 8th. — No. 67. 

Temperature of the room 23 Cent. Full-sized pariah dog. Into the 
chloroform box at lOh. 39m. 15s. Fallen down at lOh. 48m. Os. Placed on 
the table at lOh. 51m. 30s. Temperature in the rectum OO'O F. Ligature of 
the carotid at llh. 3m. 30s. Tube placed in trachea and loose ligatures under 
both vagi. Connection made with manometers at llh. 16m. One Ludwig 
trace and one Fick (one Fick reading is incorporated with the Fick readings 
of 68). Chloroform was administered by the Junker inhaler attached to the 
tracheal tube and death occurred very rapidly. Before the chloroform was 
given the sciatic nerve was irritated. Artificial respiration was tried for 
several minutes in vain, though it kept up a certain amount of blood-pressure, 
and ammonia was held opposite the opening of the trachea. Post-mortem 
exanunation showed that there was nothing abnormal in the heart or other 
organs. Rupture of the liver had occurred and there was much blood in the 
peritoneum, but this can only have occurred after the death of the dog, as 
artificial respiration was very gently applied for a long time. Temperature in 
the rectum after death 99'4 F. 

November 8th. — No. 68. 

Monkey . (fair-sized Macacus). Chloroformed at 2h. 10m. 45s. in box. 
Temperature of the room 24'6 Cent. Fallen down at 2h. 23m. 16s. On the 
table at 2h, 27m. 45st and kept quiet with chloroform from time to time. 



Temperature in rectom 100*6 F. Carotid artery ligatured at 21i. 38m. Canula 
imi^rted at 8 I 1 . 40m. SOe. Ligature placed under both vagi Junker’s lead 
tube inserted into an opening in the trachea and the chloroform administered 
through it. Coimection made with manometers at dh. 5m. SOs., but stopped 
again almost immediately on accojont of bleeding from the artery below the 
canula* Connection again made at 3h. 19m. 15 b. One Ludwig and one Fick 
tracing. During the tracings numerous attempts were made to irritate the 
right vagus, but it is not probable that the nerve had really been exposed. The 
canula slipping at 3h. 38m., an attempt was made to place it in the right carotid, 
but foiled, and the experiment was closed by killing the monkey with chloroform. 

November 8th. — No. 69. 

Temperature of room 25 Cent. Full-sized pariah dog just brought in. 
Into chloroform box at 4h. 6m. Fallen down at 4h. 12m. 208. Placed on the 
table at 4h. 13m. SOs. Artery ligatured at 4h. 18m. 508. Breathing stopped 
at 4h. 19m. 408. .Artificial respiration until 4h. 20m. SOs. Temperature in 
rectum 103’2 F. Connection made with manometers at 4h. 29m. SOs. Two 
Ludwig and two Fick tracings. 

Observations. 

H. M. s. 

A. 4 32 0. — Electrical irritation of the entire left vague with the 

coils 5 cent, apart. 

B. 4 33 0. — The same, Fick reading 2. 

C. 4 35 10. — The same, only coils approached to 0. Fick 3. 

D. 4 39 10. — The same. 

E. 4 39 55. — Administration of chloroform, during which the right 

vague was accidentally irritated in the process of 

exposing it. 

F. 4 41 30. — Electrical irritation, coils 0, of the entire right vagus, 

the animal being nearly out of chloroform. 

G. 4 42 10. — The same. Fick reading 6. 

H. 4 50 0. — Exposure of the sciatic nerve. 

I. 4 51 15. — ^Irritation of the right vagus as before with simultaneous 

irritation of the sciatic nerve. 

J. 4 54 0. — ^The same, Fick reading 7. 

K. 4 54 30. — Ordinary administration of chloroform. 

L. 5 1 0 .— Repetition of land K when the dog was ’’well under,” 

vid0^v^9. 
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M. 

H. H. 

5 5 

N. 

5 9 

0. 

5 13 

P. 

6 16 

Q. 

6 20 

R. 

6 21 


8 . 

0. — Administration of ether on a sponge placed in a tin 
inhaler with the air-holes open. 

0.— Repetition of I, K, and M, under ether. 

0.— -The same. Vide Fick 11 ; the effect of irritating the 
vagus not marked as before. 

0. — Division of the right vagus. 

0. — Irritation of the peripheral end of the right vagus 
while still under ether. 

0.— Ditto when dog “ quite out”. Chloroform was then 
pushed until death resulted, the heart stopping at 
6h. 26m. But the tracing was interrupted by a clot 
in the tube. 


November 9th. — No. 70. 

Temperature of the room 20 Cent. Large-sized pariah dog. Into 
chloroform box at 9h. 42m. 60s. Fallen down at 9h. 46m. 16 b. On the table at 
9h. 47m. Left carotid artery ligatured at 9h. 63m, 168. and canula inserted into 
it. Loose ligature under right carotid and both vagi. Connection made with 
manometers at lOh. 2m. 40s. Two Ludwig and one Fick tracings. 


Observations. 

n. M. s. 

A. 10 3 30. — Clamping the right carotid artery so that both carotids 

were obstructed. 

B. 10 6 40. — Administration of ether in . an open inhaler, through 

which there was free entrance of air during the clamp- 
ing of the carotid and after the clamp was taken off. 

C. 10 17 36.— Ligature and division of the right vagus. 

D. 10 19 10.— Peripheral irritation of the right vagus with a 6 cent. 

coil. Cornea insensitive. 

E. 10 20 16.— Repetition of D, vide Fick reading 7. 

F. 10 22 0.— Exposing sciatic nerve. 

G. 10 24 10.— Irritation of the sciatic nerve, coil 6. No effect. 

H. 10 37 36.— Opening the trachea and fixing a tube in it. 

I. 10 39 66. — ^Administration of ether on a blotting paper cone held 

over the end of the tracheal tube. TIub, however, 
fisuled to keep the dog insensitive, although a little 
ether was squeeaed into the tube. 
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H. M. 8. 

J. 10 48 40.— •Contintied ether administration with the end of the 

tube closed by compressing the cone and afterwards 

by squirting a little ether into the trachea. 

K. 10 51 608. — Artificial respiration in vain. 

Temperature after death 97*6 F. Post-mortem — Blood on both sides of 
the heart ; large plug of venous blood at the bifurcation of the trachea 
extending fin* down into the bronchi, probably the result of blood running into 
trachea, post-mortem, when the tube was taken out, as this was observed to 
happen in No. 71 after the tube was taken out. The upper readings on the Fick 
manometer tracing were produced by a system of Marey’s tambours connected 
with a pin stuck into the diaphragm. 

November 9th. — No. 71. 

Temperature of room 22*5 Cent. Full-sized pariah. Weight 30 lbs. Into 
box at llh. 2m. 408. and chloroform commenced. Fallon down at llh. 6m. 
lOs. On table at llh. 9m. 458. Kept quiet with chloroform. Respiration 
stopped at llh. 12m. Artificial respiration directly this was observed and con- 
tinued till llh. 12m. 508, when spontaneous respiration recommenced. A good 
deal of heemorrhage from vessels in the neck. Two veins and one small artery 
ligatured. Artery ligatured at llh. 25m. Canula inserted at llh. 26m. SOs. 
into left carotid. Loops under both vagi, the right carotid and trachea. Tem- 
perature in rectum 99*4 F. Connection made w'ith manometer at llh. 33m. 55s. 

Two Ludwig and one Fick tracing. 

Observattom. 

li. M. s. 

A. 11 35 40. — Clamping of the right carotid so as to close both 

carotid arteries. 

B. 11 38 20. — Exposing the sciatic nerve. 

C. 11 38 50. — Ordinary chloroform administration. 

D. 11 40 40.— Irritation of the sciatic coil 5 when hardly under 

chloroform, which was being pushed. 

E. 11 41 30. — Ligature and division of right vagus. 

F. 11 47 10. — Irritation of sciatic again after administration ol 

chloroform had ceased, but dog still under. 

G. 11 47 30.— Irritation of the sciatic again, but in the middle increas- 

ing the strength by moving the coil to 0 (Fick read- 
ing 6). The irritation of the sciatic producedno effect. 

H. 11 50 0. — Opmiing ijj^ trachea and placing a tnbe in it. 



I. 1152 O.---0iTmg dik)rofom<Mti a cone of blotting paper attach- 

ed to the tracheal tube. 

J. 12 0 40. — ^Administration of ether in the same way for a few 

seconds by mistake. 

K. 12 4 0. — Fulling at the right vagus. 

L. 12 4 50.~Irritation of the peripheral end of the ri^t vagus, 

coil 5 during continued pushing of chloroform. 

M Irritation of both right vagus and sciatic during 

continued pushing of chloroform. Stoppage of the 
respiration at 12h. 8m. Os. and spontaneous re« 
covery at 12h. 9m, 458. 

N. 12 10 30. — Squirting ^ a drachm of chloroform into the tracheal 

tube, and — 

O. 12 11 30. — Irritation of the right vagus again, The end was 

obscured by a clot in the tubes. 

Temperature at death 98 F. 

November 9th. — ^No. 72.° 

Temperature of the room 23’6 Cent. Full-sized pariah dog. Weight 
30 lbs. Into the chloroform box and chloroform given at 2h. 21m. SOs. 
Placed on the table at 2h. 25m. 358. and kept quiet with chloroform. Stopped 
breathing at 2h. 24m. 15s. Artificial respiration until 2h. 35m. 45s. Tempera- 
ture 108’8 F. in the rectum. Left carotid ligatured at 2h. 36m. 458. Right 
jugular vein ligatured and canula inserted at 2h. 52m. Connection made with 
the manometer at 2h. 53m. 30s. One Ludwig and one Fick tracing showing 
the effect of injecting ether and afterwards chloroform into the jugular vein. 
Temperature after death 102'2 F. Post-mortem—- the blood in the left side of 
the heart was clotted. 

OhservaUom— 

A. 2h. 58m. 458. — Fifteen minims of ether injected into the jugular 
vein : no appreciable effect. At 2h. 59m. 40s. twenty minims of ether 
were again injected. Between 3h. Im. Os. and 3h. Im. 30s. one drachm of 
ether was injected into the jugular vein and the blood-pressure fell very 
rapidly. The respiration stopped at 3h. 2m. Os. and the Fiok reading 2 
shows almost total arrest of the pulse tracing exactly similar to that caused 

* Not, 78 ud 78 tDKj be srcmped vith Noe. 77, 91, 98 end 98. 
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by vagtis stimiilation after oessation of the reapuration from chloroform 
poisoning. At Sh. 2m. 20s. artificial respiration was commenced and 
natural respiration was restored at Sh. 4m. 30s. 

B. Sh. 8m. 30s. — Twenty minims of chloroform injected into jngnlar 
vein. The effect was precisely the same as that of the intravenous injeo* 
tion of ether. Fick reading 4 with chloroform is identical with Fick 
reading 2 with ether. This and other experiments, when pure chloroform 
and ether were injected into the large veins of the neck, show that even 
pure chloroform or ether in the blood do not stop the heart till after they 
have produced narcosis and paralysed the respiration. 

The most important point in Experiment 72 is that after a considerable 
amount of ether had been injected into the jugular vein and a rapid condition 
of pulse had been produced, the effect of injecting chloroform into the jugulars 
was much greater, and the fall of blood-pressure was much more rapid and 
dangerous than in the case when chloroform alone was injected. 

November 9th. — No. 73.® 

Temperature of the room 24 Cent. Full-sized pariah. Weight 32 lbs. 
Put into chloroform box at 3h. 28m. Fallon down at 3b. 35m. 408. Placed 
on the table at 3h. 36m. 308. Temperature 102-2 F. in rectum. Jugular vein 
ligatured and canula inserted. Loft carotid ligatured at 3h. 45m. Connection 
made with the manometers at 3h. 50m. One Ludwig and two Fick tracings 
during injection of ether (Fick 2) into jugular vein, afterwards chloroform 
(Fick 5) and again ether (Fick 9), which brought about death. Temperature 
after death 100 F. Post-mortem — Small clot in the left ventricle, which was 
filled with venous blood, clot in superior vena cava. Serous fluid in the 
pericardium. 

Observattofis, 


H. M. S. 

A. 3 63 10. — Injection of twenty minims of ether into deep jugular 

vein ; repeated at Sh. 53m. 35s., 3h. 54m. 5 b., and 
3h. 54m. 308. The effect is shoivn in Fick reading 2. 

B. 3 59 40. — Injection of twenty minims of chloroform into jngnlar 


vein ; the effect is shown in Fick reading 5 and is 
identical with that produced by ether. 
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H. M. S. 

C. 4 6 56. — ^Injection of twenty minims of ether. See Fide read- 
ing 9. The injection was followed by rapid fall 
of pressure; the respiration stopped at 4h. 6m. 40s.; 
gasping took place at 4h. 8m. Os. ; the thorax was 
opened at 4h. 9m. Os., and the heart was found still, 
with a clot in the left ventricle. The disastrous 
effect of injecting ether after chloroform is well 
shown in this experiment. 

November 11th, — No. 74. 

Temperature of the room 19*6 Cent. Rather small pariah dog. Weight 
21 lbs. Into chloroform box at 8h. 13m. 30s. Fallen down at 8h. 17m. 
Placed on the table at 8h. 21m. 50 b. Temperature in the rectum 100'4 F. 
Left carotid ligatured at 8h. 28m. 10s. Right jugular vein ligatured at 8h. 
33m. and canula inserted into left carotid 8h. 44m. Connection made with 
the manometers at 8h, 46m. 16s, Two Ludwig and three Fick tracings. 


A. 

B. 

C. 

D. 

E. 

F. 


G. 

H. 

I. 


K. 


Ohservatiom. 

H. M. s. 

8 47 30. — Ordinary chloroform administration, 

8 48 20. — Thrusting a needle into the heart. 

8 49 25. — Irritation with a 10 cent, coil of the right vagus entire, 
(Fick reading 3), 

8 51 5. — Chloroform again rapidly. Stoppage of respiration and 

recovery with artificial respiration. 

9 0 0. — Injection of atropine l-50th grain into the jugular vein. 

9 6 40. — Chloroform administration again during struggling ; 

the respiration again stopping and necessitating 
artificial respiration. 

9 14 25. — Irritation of the right entire vagus. 

9 10 50. — Injection of l-26th grain of atropine into jugular vein. 
9 22 6. — Irritation of right vagus again when animal under 
influence of atropine. Coils moved from 10 to 5 
and then to 0 (Fick 13). 

9 84 30. — Pushing chloroform until death. 


Heart was still beating 8 minutes after the pulse became imperceptible. 
Temperature after death 97*4 F. 

Post-mortem — Two drachms of blood in the pericardium ; no clot in heart. 
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November 11th, — No. 76. 

Monkey (Maoacns). Weight 16 lbs. Into chloroform box at lOh. 29m. 608. 
Fallen down at lOh. Sim. SOs. Placed on the table at lOh. 47m. and kept quiet 
with chloroform from time to time. Temperature in the rectum 101*8 F. Loop 
under both vagi. Artificial respiration lOh. 57m. 16s. to lOh. 58m. 68. Left 
carotid ligatured at llh. Im. SOs. Canula inserted at llh. 4m. fiOs. Connection 
made with manometer at llh. 18m. lOs. Two Ludwig and two Fick tracings. 

Observatiom. 

H. M. s. 

A. 11 19 0.— Ordinary chloroform administration. 

B. 11 21 20. — Holding ammonia before the nostril. 

C. 11 24 40. — Holding acetic acid before the nostril. 

D. 11 26 0. — Dropping a few minims of chloroform into the nostril. 

£. 11 45 60. — Irritation of the entire right vagus, coil at 10 cents. 

(Fick 4). 

F. 11 48 0. — The same with the Ludwig manometer connected. 

G. 11 53 0. — Irritation of the entire right vagus, coil at 5 (Fick 6), 

H. 11 58 40.— Irritation of the right vagus, coil at 0 (Fick 6). 

I. 12 2 20. — Thrusting needle into the heart. 

K. 12 3 45. — Pushing chloroform until death. 

Needle entered the left ventricle. Temp<?raturo soon after death 97 F. 

November 11th. — No. 76. 

(/« the presence of IIis Highness the Nizam.') 

Pariah dog. Weight 37 lbs. Temperature of the room 23*5 Cent. Into 
chloroform box at 2h. 21m. 368. Fallen down at 2h. 28in. 308. Placed on the 
table at 2h. 30m. 60s. and kept quiet with chloroform. Artificial respiration 
at 2h. 40m. 258. and until 2h. 44m. 15s. Carotid ligatured at 2h. 41m. 5s. 
Temperature in the rectum 100 F. Loop under both vagi. Connection made 
with manometer at 2h. 48m. 26 b. — Two Ludwig and two Fick tracings. 

ObservaHons. 

H. M, 8. 

A. 2 48 26, — Ordinary chloroform administration in several in- 

stances. 

B. 2 61 60.— Irritation of right vagus repeatedly (Fick 2—4). 

C. 3 34 6.— The same after the injection of afropine into the 

jugnhur vems (Fick 6). 

9 t 
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D. 3 40 0. — Thrusting needle into heart. 

E. 3 42 30, — Inhalation of ammonia. 

F. 3 43 0. — Pushing chloroform until after respiration had com- 

pletely stopped, and then 

G. 3 46 0.— Restoration by artificial respiration, 

H. 3 48 20. — Pushing chloroform until death resulted. 

Temperatmre after death 99*4 F. 

November 12th. — No. 77, 

Temperature of the room 18-5 Cent. Medium-sized pariah 26 lbs. Into 
chloroform box at 7h. 27m, 128. Fallen down at 7h. 36m. 60s. On the table 
at 7h. 38m. 50b. Artery ligatured at 7h. 50m. lOs. Temperature in the rectum 
99'2 F. Canula inserted into the loft carotid at 7h. 58m. 508. Right jugular 
ligatured at 8h. 3m. lOs. Connection made with manometer at 8h. 13m. 
Three Ludwig and one Fick during repeated injection of other into the 
jugular vein in doses of first 20m., then 40m., and 60m,, and finally 120m, One 
injection of 60m. was also made into the thigh subcutaneously. When the 
pulse was no longer porceptildo, a needle w'as thrust into the chest, but did not 
reach the heart and consequently did not move. The dog was still gasping 
occasionally until the thorax was opened at 9h. 12m., when the heart was 
found to have ceased boating, but rhythmical waves in the heart-wall occurred 
until 9h. 24m., although the hoiwt had been removed from the body and cut 
open. Temperature after death 98 F. Post-mortem — Large clot in left ven- 
tricle. Right side full of clots. 

Ohservatiom. 

H. M. s. 

A, 8 13 30. — Ether 20 minims iniected into iucrular vein ; no efiect. 


8 13 30. — Ether 20 minims injected into jugular vein ; no efiect. 

8 18 20. — Repeat injection of 20 minims of ether ; this injection 
was followed by slight fall of blood-pressure. 

8 19 50. — Another 20 minims of ether injected into the jugular 
vein. The fall of blood-pressure again occurred to 
a greater extent. 

8 24 10. — Repeat etlier injection. A still further fall of pressure 
is noticeable and the recovery from this fall was 
slow. 

8 27 20. — ^Forty minims of ether injected into the jugular vein. 

A very rapid and deep fall of blood-pressure took 


8 19 50.- 


8 24 10.- 



67 


pl&ce and the pulse tracing disappeared (vide Pick 4). During recovery 
at 8b. 32m. Os. and 8Ji. 3dm. Os. the blood-pressure twice rose and fell 
again in a remarkable manner without any apparent cause. (Compare 
with Experiment 117, Observation G at 9h. 23m. SOs. to 9h. 26m. 16s). 
The condition of respiration was not recorded at these times. 

F. 8h. 40m. Os. — Repeat injection of 40 minims of ether into 
jugular. During recovery at 8h. 47m. 40s. a drachm of ether was injected 
subcutaneously into the thigh. Recovery was arrested and a slight fall of 
pressure took place ; but no marked effects were produced. 

G. 8h. 50m. 20s. — Injection of 60 minims of other into jugular vein. 
This was followed by rapid fall of pressure and complete loss of pulse 
tracing, and the respiration stopped at 8h. 63m. Os. The pupils were 
widely dilated. The animal began gasping at 8h. 54m. 408. and recovery 
gradually took place, but the blood-pressiue was not fully restored. 

H. 9h. 7m. 40s. — Repeat injection ol‘ ether into jugular vein. This 
time 120 minims were injected. The pressure rapidly tell again and the 
respiration stopped for 20 seconds, after the injection was concluded. A 
few gasps took place at 9h. 10m. Os. ; the thorax was opened at 9h. 12m. 
Os. and rhythmical wave-like movements wen* observed in the ventricular 
walls of the heart, which continued until 9h. 24m. Os. after tlio heart had 
been removed from the body, barge round clots were found in the loft 
ventrical extending into the aorUi ; and the right side was full of clot. 

Experiment 77 shows that the effect of ether is precisely tho same ns that 
of chloroform, only less intense. Like cliloroform, other, wlion efliciently 
given, produces first narcosis, then stoppage of tho respiration and then death. 
All the observations in the experiment show that every time ether was 
injected into the blood, a fall of blood-pressure was produced ; and yet it is 
the practice now-a-days to inject ether subcutaneously when chloroform 
poisoning ocemrs. It would be just as sensible to inject chloroform sub- 
cutaneously in cases of poisoning from ether. Cases liavo oven been recorded 
recently where ether has been injected subcutaneously in et/icr powomng. 
This manifestly dangerous and unsound principle ol treatment arises from 
the feet that ether is regarded as a safe stimulant, whereas it merely quickens 
the heart’s beats. " Experiment 77 shows that it is not a reliable stimulant 
under any circumstances. 
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November No. 78. 

Monkey ^IfacacuB). Weight 10^ lbs. Temperature of tibe room 21 Cent. 
Into chloroform box at lOh. 4m. 30 b. On to table at lOh. 9m. 23s. and kept 
quiet with chloroform. Temperature in rectum 98' F. Artery ligatured at 
lOh. 34m. 508, Loops under both vagi. Connection made with manometer at 
lOh, 46m. 308. Two Ludwig and one Fick tracing. 


H. M. 8 . Observations. 

A. 10 49 0, — Ordinary chloroform administration. 

B Violent struggling with great irregularity of blood- 


pressure. 

C. 10 54 20. — Dropping chloroform into nostril ; effect of struggling 

again shown. 

D. 10 56 20. — Pushing chloroform until respiration stopped. 

E. 11 6 20. — Mechanical irritation of the right vagus. 

F. 11 7 0.— Electrical irritation of the entire right vagus, coils 

10 cent, distant (Fick 8). 

G. 11 10 50.— Ligature of the right vagus. 

H. 16 26 35. — Division of the same, 

I. 11 29 40.— Irritation of the peripheral end of the right vagus, coil 

at 10 (Ludwig tracing). 

J. 11 31 0.— The same, only coil at 5 (Fick 9). 

K. 11 33 0. — Injection of atropine into the peritoneal cavity. 

L. 11 39 40. — Irritation of the peripheral right vagus again, coil 

6 (Fick 11). 

M. 11 46 30. — The same, only coil 0. 

The effect upon the blood-pressure of pushing chloroform was not 
nearly so great as in previous experiments, though the animal was very readily 
put “ under ”. 

Hopeless clotting stopped the manometer at llh. 56m. 208., and the monkey 
was given chloroform finally with the view of killing it. Respiration stopped 
at 12h. 4m. 40s. ; pulse perceptible until 12h. 6m. 30s. Heart flag-moving 
until 12h. 9m. 66s. Thorax opened and heart still beating rhythmically at 12h. 
11m. 35s., a little blood passing into the aorta at each beat. The contractions 
became partial and ineffective at 12h. 18m. 408., but were re-established by 
compressing the septum and continued until 12h. 28m. Irregular flickering 
continued even after this for some minutes. Temperature 98 F. in the rectum* 
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November I 2 &.--N 0 . 79. 

G^ood-sized pariah, weight 33 lbs., that has had two doses of phosphorus — 
one yesterday, the other to-day, each l-16th of a box of James’ beetle paste. 
Into chloroform box at 2h. 9m. 34s. Fallen down 2h. 23m. 398. Placed on the 
table at 2h. 24ni. 208. Respiration stopped at 2h. 24m. 45s. Artificial respira- 
tion until 2h. 27m. 39s. Artery ligatured and canula inserted at 2h. 36m. 13s. 
Temperature in the rectum 100 F. Connection made with the manometer at 
2h. 39m. 30s. Two Ludwig and one Fick tracing. 

H. u. B. ObaervaMms, 

A. 2 41 50. — Change to the vertical position of the body. 

B. 2 43 10, — Chloroform administration while in the vertical position. 


C. 2 44 45. — ^Ammonia inhalation do. 

D. 2 46 40. — Squirting chloroform into the nose do. 

E. 2 49 40. — Evulsion of the nails do. 

F. 2 50 55. — Extraction of teeth do. 

G. 2 52 55.— -Violent slap with open hand on abdomen do. 


H. 2 54 30. — Restoration to the recumbent position on the table. 

I. 2 56 20. — Inversion of the body so that the dog was com- 

pletely head downwards and again lowering to the 
recumbent position. 

J. 2 57 40.— Chloroform administration in the ordinary position. 

K. 3 1 0. — Attempts to pass grooved staff and Thompson’s dilators 

into the bladder. 

L. 3 15 5.— Slitting prepuce. 

M. 3 17 20. — Pushing chloroform carelessly until after respiration 

had ceased. 

Temperature after death 99 F. The organs did not appear to be fatty. 

November 13th. — No. 80. 

Large monkey (Macacus), 21 lbs., caught in the hospital compound. Into 
diloroform box at 3h. 31m. 388. On the table and kept quiet with ddoroform 
8h. 37m. 40e. Temperature 100*2 F. Canula inserted into left carotid. Loop 
undtf both vagi. Connecthm made Tith nuuunneters at 2h. d9m. 80s. 
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Two Ludwig and two Fick tracings. 

H. M. s. Observations. 

A. 4 7 40.T-Ordinary chloroform administration. The effect of 

struggling is well shown. 

B. 4 11 0. — ^Irritation of right ragus, entire, coils 8^ cent, distant 

(Fick 4). 

C. 4 14 10. — Irritation of left vagus, entire, coil (Fick 6). 

D. 4 14 50. — Chloroform again. 

E. 4 17 45. — ^Injection of ^th grain atropine into peritoneal cavity. 

F. 4 19 30. — Irritation of right vagus, coil 8^ again (Fick 6). 

G. 4 20 30. — Irritation of entire left vagus, coil 0 (Fick 7), 

H. 4 22 30. — Pushing chloroform until respiration stopped com- 

pletely, and restoration by artificial respiration. 
The effect of struggling is well brought out in this 
observation. 

(Manometer tracing was interrupted at 4h. 33m. to 
divide the left splanchnic nerve and started afresh 
at 4h. 49m, 50 b. after cutting the left splanchnic 
nerve which did not appear to effect pressure much.) 

I. 4 50 40, — Administration of chloroform for a short time, 

J. 4 53 0. — Evulsion of nails. 

K. 4 56 30.— Squeezing and aftemards smashing the testicles. 

L. 4 58 20. — Pushing chlorofonn. 

M. 4 59 0. — Thrusting needle into the heart and death. 

Slow gasping movements of the chest continued after the heart had ceased 
to beat. Temperature after death 98*2 F. Post-mortem — There was very little 
hmmorrhage into the abdomen. The left splanchnic divided, right intact. No 
clot in heart. 

November 13th. — No. 81. 

Medium-sized pariah dog, w'eight 30 lbs., which has been dosed with phos- 
phorus for 2 days, l-16th of a box of paste each day. Into chloroform box at 7h. 
50m. 308. Fallen down at 8h. Im. Placed on the table at 8h. 4m. 208. Carotid 
ligatured at 8h. 14m. lOs. Canula inserted at 8h. 19m SOs. Temperature 
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100*4 F. in the rectmn. Connection made with manometers at 8h. 26xn, 10s. 
Loops under both vagi. Two Ludwig and one Fiok tracing. 

H. M. s. Observations. 

A. 8 28 30. — Application of bicarbonate of soda to the entire 

right vagus. 

B. 8 30 35. — Change to the vertical position and restoration to the 

recumbent again. 

C. 8 33 20. — Chloroform administration. 

D. 8 37 10. — Blow on testicles. 

E. 8 41 0. — Pushing chloroform with struggling until respiration 

ceased {vide Kick 5 and 6). 

F. 8 42 10. — Artificial respiration. 

G. 8 47 30.— Injection of Jth grain atropine into the peritoneum. 

H. 8 53 10. — Irritation of right entire vague, coil at 0. 

I. 8 56 0. — The same (vide Fick 9). 

J. 8 57 30. — Pushing chloroform with violent struggling. 

Fall of pressure very rapid, and the dog died in spite of artificial respiration. 
A clot in the vessels interrupted the tracing before the heart stopped. Tempera- 
ture after death 97*4 F. Post-mortem — Organs not particularly fatty. 

November 13th.— No. 82. 

Good-sized monkey (Macacus). Weight 15 lbs. Temperature of the 
room 20'5 Cent Into chloroform box at lOh. 57m. 18s. Fallen down at lOh. 
4m. 17s. On the table at lOh. 6m. 52b. and kept quiet with chloroform. 
Artery ligatured at lOh. 35m. 53s. Canula inserted at lOh. 39m. 30s. Temper- 
ature 99*2 F. in the rectum. Connection made with manometers at lOh 47m, 
50s. Two Ludwig and one Fick tracing. 

H. M. 8. Obmrcatiom. 

A. 10 53 30. — Chloroform administration on a cap in the ordinary 

way ; violent struggling. 

B. 10 58 10. — Pushing chloroform until respiration stopped ; re- 

covery without artificial respiration. 

C. 11 10 20.— Division of both vagi. 

D. 11 19 10. — Pushing chloroform until death resulted. 

Temperature after death 99*4 F. 

r 
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* November 13&.— No. 83. 

Mediam-eized monkey (Macacue). Weight 12 lbs. Temperature of the 
room 23 Cent. Into chloroform box at 2h. 21m. 33b. Fallen down at 2h. 30m« 
15b. Placed on table at 2h. 32m. 10b. Carotid ligatured at 2h. 39m. 35b. and 
eanula inBerted. Temperature in the rectum 103’2 F. Kept quiet with chloro- 
form until connection made with manometere at 2h. 46m. 15b. Three Ludwig 
and one Fick tracing. 

Obsewatwm. 

H. M. B. 

A. 2 47 0. — Gradual coming out of chloroform. 

B. 2 49 0. — Ordinary chloroform administration with struggling, 

showing great irregularity of the blood-prcBsure. 

C. 2 52 0. — Change of position to the vertical, during which — 

D. 2 53 0. — Extraction of teeth, 

E. 2 55 20. — More chloroform and struggling at intervals. 

F. 2 58 30.— -Restoration to recumbent position. 

G. 3 6 0. — Exposure of the ulna nerve at the elbow. 

H. 3 7 0.— Tugging at the ulna nerve. 

I. 3 8 20. — Incision into abdomen over the stomach. 

J. 3 16 0. — Ligature of a glass tube into that organ ; stitching 

of the abdominal wound. 

K. 3 19 20.— Inflation of stomach ;’with air and suddenly allow- 

ing the air to escape. 

L. 3 25 0. — Re-opening the wound and re-adjusting the stoxnach 

tube and re-stitching the abdominal wound. 

M. 3 42 40. — Injection of hot water into stomach. 

N. 4 0 0.— Injection of one-twelfth grain apomorphine into peri- 

toneum. 

O. 4 I 0. — Placing a thermometer in the rectum. 

P. 4 2 30. — ^Artificial respiration at times, the respiration being 

gasping and irregular. 

Q. 4 9 40.— Iced water into stomach ; running out through the 

nose. 
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Experiment intettnpted by hopelese clotting At 4Ii. Stopped bt^th- 
ing at 4b. 17m. 40b. The heart-needle stopped moving a few seconds before 
the thorax was opened and the heart was fonnd to be quite still. Temperature 
after death 97*8 F. 


November 14th. — No. 84. 

Temperature of room 19*75 Cent. Medium-sized, well-nourished pariah 
dog, weight 35^ lbs., who has had daily doses of phosphorus for three days. 
Chloroform commenced in box at 7h. 37m. Fallen down at 7h. 42m. On table 
at 7h. 44m. 45 b. Artery ligatured at 8h. 52m. and canula inserted. Tempera- 
ture in the rectum 100*8 F. Connection made with manometers at 8h. 10m. 
308. Two Ludwig and one Fick tracing. 

H. M. s. Ohscrvatiom. 

A. 8 13 20. — Division of rectus muscle of the oyo-ball. 

B. 8 16 ■ 20. — Blow on the testicle. 

C. 8 24 0.— Chloroform administration repeatedly, often accom- 

panied by struggling. 

D. 8 24 40. —Evulsion of nails. 

E. 8 25 39. — Snipping anus. 

F. 8 27 0. — Pushing chloroform until respiration ceased. 

G. 8 29 40. — Artificial respiration. 

H. 8 41 0. — Exposure, ligature, and division between ligatures of 

both vagi. 

I. 8 45 30. — Pushing chloroform until respiration ceased ; fatal 

result {oule Fick 8). 

From the character of Fick reading 8 and the Ludwig tracing just be- 
fore, it is doubtful if the vagi were really divided. Temperature after death 97 B'. 

In this experiment the absence of any effects from the operations which 
are usually said to bo dangerous under chloroform is well brought out ; also the 
rapid and irregular falls of the blood-pressure when the animal struggles 
and breathes irregularly during the inhalation of the anassthetic. 

November 14th.— -No. 85. 

Temperature of the room 21 Cent Medium-sized dog, weight 80|: lbs., 

that has had phosphorus daily for 3 days, l-16th of a box. Into chloroform 
10 

t 
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box at Jiu 43im. Fallen do^ at Oh. 46m. IO 0 . Placed on the table ht 9h. 46m. 
45s., after, which its breathing was noticed to have stopped. Artificial respirar 
tion was commenced at once, but failed to bring him round, although there 
was a pulse some time after it commenced. 

This is a case where a weak sick animal was left in the chloroform box 
too long, and its respiration neglected while it was being transferred to the 
table. 

November 14th.--No. 86. 

Monkey (medium-sized Macacus), Weight 11 lbs. Into chloroform box 
at lOh. 27m. 22s. Fallen down at lOh. 13m. 16s. Placed on the table and 
kept quiet with chloroform. Carotid ligatured at lOh. 33m. 40e. Canula in- 
serted at lOh. 39m. 30s. Temperature in the rectum 101 F. Connection made 
with the manometers at lOh. 44m. Three Ludwig and one Fick tracing. 

Ohservations* 

a. M. s. 

A. 10 45 20. — Small incision into abdomen. 

B. 10 47 10. -“Administration of chloroform : struggling, and irregu- 

larity of the blood-pressure. 

C. 10 49 50. — Injection of l-12th grain apomorphine into abdominal 

cavity. (The animal then lay almost perfectly 
quiet without more chloroform for almost an hour, 
during which he was given another dose of apo- 
morphine l-12th grain.) 

D. 11 43 30.— Pushing chloroform, with struggling, until respiration 

ceased ; recovery with artificial respiration. 

E. 11 46 0. — Thrusting a needle into the chest but not into the heart. 

F. 11 51 30.— Effect of letting the tongue drop. 

G. 11 54 30.— Repetition of D and E, and thrusting a needle into the 

heart. 

H. 12 19 0.— Injection of atropine, J grain, in abdomen, and finaUy 

pushing chloroform until death resulted. 

Thorax opened at 12h. 26m, respiration having stopped, but afterwuds 
there were again regular movements of the diaphragm, which continued off and 
<m until 12h. 2Sm. 508., when they finally stopped. The tracing was stopped 

%■ 



by hopeless clotting at 12h. 31m. Heart stopped very gradually, but not 
finally until 12h. 37m. Temperature after death 95*4 F. 

November 14th. — No. 87. 

Mr. Ulett’s bull dog, weight 31 lbs., suffering from tumours in the inguinal 
region. Into chloroform box at 2h. 14m. 10s. Fallen down at 2h. 23m. 10s. 
Placed on the table and kept quiet with chloroform. Temperature in the 
rectum 102 F. Loops under both vagi. Artery ligatured at 2h. 34m. 30s. 
Canula inserted 2h. 40m. 20s. Connection made with manometers at 2h. 43m. 
408. One Ludwig and one Fick tracing. 

H. M, s. Observations. 


A. 2 46 30.— Ordinary chloroform administration. 

B. 2 48 0. — ^Irritation of entire right vagus with coils at 6 centi- 

metre distance. 

C. 2 53 60. — Pushing chloroform, with accidental compression of the 

neck by a strap {vide Fick 3). The same slowing 
of the pulse was produced as is observed when the 
vagus is irritated. 

'Pushing chloroform until respiration completely 

D. 3 0 0.— J ceased. 

. Failure to restore the animal by artificial respiration. 
Temperature after death 10r2 F. 


November 14th.— No. 88. 

Temperature of room 24 Cent. Medium-sized pariah dog. Weight 30 lbs. 
Into chloroform box at 3h. 22m. 268. Fallen down at 3h. 24m. 45 b. Placed on 
the table at 3h. 26m. 258. Artery ligatured at 3h. 37m. Temperature in the rec- 
tum 100’2 F. Canula inserted at 3h. 40m. 538. Connection made with manometers 
at 3h. 50m. lls. Loops under both vagi. One Ludwig and one Fick tracing. 

H. M. 8. Observations. 

A- 3 51 0. — Pushing chloroform accompanied by struggling until 
respiration stopped. (The trace is spoilt by the 
drum not rotating for nearly a minute.) The xall of 
pressure was extremely rapid and irregular. Fick 
2 shows that when the respiration is stopped by 
an over-dose of chloroform, a condition of pulse 
similar to that caused by vagus stimulation may be 
produced. 

€ 
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£[• Bl>* 8* 

B. 8 52 50.— Becpyery with artificial respiratioii. 

C. 3 69 20. — PresBture on abdomen. 

' Pushing chloroform again until respiration stopped. 
Division of both vagi while the animal was ‘deeply 

2 ^ 4 10 under. Fick 6 shows that after division of the 

^ vagi the slowing of the pulse observed in stop- 
page of the respiration in chloroform poisoning 
, did not occur. 

E, 4 4 0. — Gradual fall of pressure and death in spite of artificial 
respiration. 

Temperature after death 98’4 F. 

November 15th. — No. 89. 


Temperature of the room 21 Cent. Unusually large brindled dog. Weight 
88 lbs. Into chloroform box at 7h. 38m, Fallen down at 7h. 46m. 208. 
Placed on the table 7h. 48m. 50s, Temperature in the rectum 99*8 F. 
Left carotid ligatured at 81u 2m. 6s. Connection made with manometer at 8h. 
6m. 308, Four Ludwig and two Fick tracings. 


Observations. 

n. M. s. 

A. 8 10 45. — Chloroform administration with struggling (the excur- 
sions of the marker had previously been unusually 
groat), and pushing the same until respiration 
ceased. 


B. 8 24 20. — Artificial respiration and gradual recovery. 

C. 8 29 30. — Division of both vagi. 


D. 


8 38 10.— 


' Administration of chloroform again until respiration 
J ceased, and 

Artificial respiration as before. 


E. 8 47 40. — Compression of the chest and administration of chloro- 
form on a saturated sponge at the moment the chest 
was released. 


F. 8 51 0.— Pressure on abdomen. 
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H. M. S. 

G. 8 51 0. — ^Pushing chloroform again until respiration stopped : 

and artificial respiration as before. 

H. 8 55 40. — ^Tracheotomy and insertion of a large glass tube into 

the trachea. 

I. 8 59 0. — Repetition of F by stopping the tracheal tube when the 

chest was in the expiratory position, holding chloro- 
form in front of the tube, and then suddenly opening 
it. 

J. 9 5 40. — ^Continued administration of chloroform by holding a 

sponge or towel before tlie end of the tube. 

K. 9 7 15. — Closing the tracheal tube so as to cause asphyxia. 

L. 9 12 25. — Administration of chloroform by Junker’s tube intro- 

duced into the tracheal tube, which remained open, 
and pushing it again until respiration stopped, and 
artificial respiration as before. 

M. 9 26 10. — Administration of ether in the same way, but this 

failed to keep the animal thoroughly under. After 
chloroform had been again given the manometer 
was disconnected in order to divide the medulla 
oblongata. 

All attempts to reconnect after its division failed on account of clot in the 
vessel, and the heart ceased beating at llh. Temperature at Hh. 5ra., 96 F. in 
the rectum. 

In this experiment slowing of the pulse, in Observations A and B, 
which occurs when the respiration fails from over-dosing with chloroform 
is shown {pule Fick 6 and 9). This effect is not produced after division of the 
vagi Fick 10 and 11). The effect of asphyxia in lowering the blood- 
pressure is also seen in the Ludwig tracing at Uh. 7m. 20s, and 9h. 9m. 408. 
The difference in intensity between diluted chloroform and diluted ether, 
administered in precisely the same way, is brought out in Observations 
L and M. 


November 16th, — No. 90. 


Medium-sized strong pariah, given 1 grain of morphine hypodermioally at 
2h. 24m. 10s. Temperature of the room 24^ Cent Salivated a good de^ »t 
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2h. 33iu. and afterwards went to sleep. At 41i. 15m. he was still irritable and 
unfit for experiment. 

November 15th. — No. 91. 

Large panah dog, 38 lbs. Temperature of the room 24*5 Cent. Chloroform 
given at 2h. 34m. 45s. Fallen down at2h. 41m. 30s. On the -table at 2h. 43m. 
168. and kept quiet with chloroform. Temperature in the rectum 100*4 F. 
Right jugular vein ligatured at 2h. 51m. Canula into carotid at 2h. 58m. Ss. 
Connection made with manometers at 3h. Im. 308. The pressure in the mano- 
meter had been arranged a little too high before commencing, so that some 
bicarbonate of soda must have been shot into the vessel. No convulsions 
occurred. Three Ludwig and one Fick tracing. 

Observations . 

H. M. 8. 

A. 3 6 0. — A long period in which the dog was left without chloro- 

form and occasionally struggled. 

B. 3 35 20. — Injection at different times of 5 doses of chloroform, 

20 minims each (except in one instance when about 
5 minims or possibly more was spilled), into the 
jugular vein. After the 5th dose the dog died, 
the heart stopping at 4h. 13m. Temperature in 
rectum at death 97*2 F. Post-mortem. — No clots 
in heart. 

November 18th. — No. 92. 

Temperature of the room 23 Cent. Large-sized pariah dog. Weight 
33^ lbs. rather thin. Into chloroform box at 7h. 24m. 438. Fallen down at 
7h. 28m. 538. On the table at7h. 29m. 37s. Artery ligatured at 7h. 41m. 88. 
and canula inserted. Temperature in the rectum at 7h. 42m. 308., 100*6 F. 
Jugular vein tied at 7h. 51m. 47 s. Connection made with the manometers at 
7h. 58m. 20s. Three Ludwig and one Fick tracing during repeated injections 
of chloroform into jugular vein. Nine doses were given in the course of an 
hour, and death ensued very gradually. Temperature after death 97 F. 
Post-mortem — After the chest was opened 5 or 6 regular movements of opening 
and shutting the jaws coincident with rhythmical contractions of the diaphragm 
occurred. The heart was quite still in all its cavities. There were no clots 
in the heart. No sign of the needle in the hetft. 



. 79 ■ ■ '■ ■ 

Oiservatioiu. 

- H. If. 8. 

A. 8 0 15. —Twenty minims of pure cUoroform injected into ihe 

jugular vein. 

B. 8 2 40. — Repeat. 

C. 8 3 60. — Repeat. 

D. 8 5 65.— Repeat, This injection was followed by lowering of 

the blood-pressure, which never rose again. The 
injection of twenty minims of chloroform was repeat- 
ed at 8h. 13m. 208. ; 8h. 14m. 10s. ; 8h. 40m, 308. ; 

. 8h. 43 m. 208.; and 8h. 46m. lOs. It seems clear from 
experiment No. 92 that direct action of chloroform 
upon the heart substance is not the cause of the fall 
of blood-pressiu’e that occurs when it is inhaled. 
Repeated injections of twenty minims of pure chloro- 
form were made into the jugular vein, and the effect 
was not to paralyse the heart, but to produce 
narcosis with a gradual fall of pressure exactly as 
if the chloroform had been inhaled. Compare 
with Observation D of Experiment No. 64. 

November 18th. — No. 93, 

Temperature of the room 24 Cent Largo pariah dog. Weight 33^ lbs. 
Into chloroform box at 9h. 59m. Fallen down at lOh. 5m. 25s. On the table at 
lOh. 8m. 27 s. and kept quiet with chlorofonn. Artery ligatured at 8h. 20m. 
50 b. Canula inserted at 8h. 22m. 228. Temperature in rectum 99'8 F. Con- 
nection made with manometer lOh. 28m. 458. Two Ludwig and one Fick 
tracing during injection of ether into the jugular vein with at the same time 
injection of solution of hydrochloric acid (0 8 per cent.) in normal saline solu- 
tion into the femoral vein. Notice also effect of thrusting needle into heart. 
Temperature 101-2 F. after death. Post-mortem — Heart very much distended. 
Right ventricle full of clot. Lefr free. Superior and inferior vena cava and 
pulmonary artery filled with clot. 

H. M. 8. Observations. 

A. 10 30 10.— Ether on an ordinary cap until lOh. 39m. 40s. The 
animal was qmescent, but complete narcosis was 
not produced. A great deal of frothy fluid accumu- 
lated in the trachea. . * 
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p' H. M. 8. 

B. 10 40 20. — Twenty minims of ether injected into the jngnlar 

vein. The injection was repeated at lOh. 41m. lOs. 
and lOh. 42m. ISs. and each time the blood-pressnre 
fell and rose again in 40 or 50 seconds. At 
lOh. 47m. lOs. and again at lOh. 52m. 30s. forty 
minims of ether were injected. There was on each 
of these occasions a very rapid and prolonged fall 
of blood-pressure and a slow weak pulse with 
very difficult recovery. 

C. 11 1 30. — Injection of sixty minims of ether into the jugular 

vein. The fall of blood-pressure was immediate 
and rapid, and the pulse tracing became almost 
imperceptible {^vide Fick 6 and 7). The pressure 
remained low until llh. 5m, 208., when slight 
recovery took place [vide the Ludwig tracing at 
llh. 5m. Os.) At llh, 6m. Os. sixty more minims of 
other were injected into the jugular vein and this 
injection caused stoppage of the respiration and 
death. Post-mortem gasps occurred as in Experi- 
ment No. 92. The heart was found full of 
venous clot. 

November 18th, — No. 94. 

The dog in No. 90 having escaped from the cage, another dog was given 
2 grains of morphia at 8-20 a.m. At 10 o’clock he was still irritable and unfit 
for experiment, for, although sleepy and at first sight apparently insensitive, he 
could bo easily aroused by even painless stimuli and then ran about in an ex- 
cited wild way. 

November 18th. — No. 95. 

Temperature of the room 25^ Cent. Monkey (medium-sized Macacus). 
Held down on table and given ether on a cap at 2h. 50m. 45s., his temperature 
in rectum being 102*4 F. at that time. Ether stopped at 2h. 51m., the animal 
being quite quiet, though cornea not insensitive. Respiration chiefly abdomi- 
nal, 68 per minute. Artery ligatured at 3h. 7m. 45s., and loop placed under 
left vagus. Canula inserted into artery at 3h. 11m. 33s. Left jugular acci- 
dentally cut ; so ligatured. Loop under right vagus and right carotid. Ether 



ai 


^ven now and again during above proceedings. Connection made with mano- 
meter at 3h. 26m. SOs. Two Ludwig and three Fick tracings. 

• H. M. s. Observations, 

A. 3 26 60. — ^The quiescent condition, not anesthesia, produced 

by ether. 

B. 3 28 10. — ^Irritation of the nostril by chloroform, and 

C. 3 29 16. — ^Ammonia. 

D. 3 36 5.— Clamping of the right* carotid so as to cut off both 

carotids. 

E. 3 35 0. — Extraction of teeth with tho key. ( Fk/c Fick reading 

marked “ 6 ” on tho Fick tracing, but noted as 
“ 5 ” on tho Ludwig tracing.) 

F. 3 50 10. — Exposure and irritation of tlio sciatic norvo. 

G. 3 .53 30. — Irritation of the entire right vagtis coil 10 producing 

coughing (Fick 8). 

H. 3 54 40. — Irritation of tho entire loft vagus coil 10 (Fick 9). 

I. 3 65 60. — Irritation of tho entire right vagus coil 5 (Fick 10). 

(The effect of irritation of tho right was less than 
that of tho left vagus). 

J. 4 0 30. — Ligature and division of tho right vagus (Fick 11), 

K. 4 14 56.— Irritation of central right vagus coil 5 (Fick 14). 

L. 4 17 15. — Irritation of peripheral right vagus coil 5 (Fick 15). 

M. 4 20 0. — Ligature and division (fhck 16) of left vagus. 

N. 4 21 30. — Irritation of central loft vagus coil 5 (Fick 17). 

O. 4 25 0. — Irritation of porijdieral left vagus coil 5 on two occa- 

sions (Fick 18, 19), but doubtful if tho nerve was 
really irritated in tho first. 

P. 4 37 0. — Pushing ether on cap closely applied over muezle 

until death ensued. 

Manometer stopped on account of clot at 4h. 45m. Needle into heart ; 
hardly moving. Thorax opened 4h. 46m. 208. Heart still. 

No clots in the heart cavities. Temperature at 4h. 35m. 408. in the 

rectum 100*2 F. 

11 
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l^ovember 19th. — No. 96. 

Temperature of the room 23 Cent. Medium-sized fem^e monkey 
(Maoacus). Weight 11^ lbs. Into chloroform box at 9h. 23m. Fell down at 
9h. 31m. On the table at 9h. 33m. Temperature in rectum 100'4 F. Artery 
ligatured at 9h. 52m. 50s. Canula inserted at 9h. 58m. Connection made with 
manometer at lOh. 6m. 40s. Two Ludwig and one Fick tracing. 

H. M. s; Ohservatiom, 

A. 10 8 20. — Ordinary chloroform administration. 

B. 10 16 40. — Bandaging the abdomen. 

C. 10 21 0. — Bandaging the lower chest with plaster of Paris. 

Death ensued from asphyxia and in spite of artificial respiration after re- 
moval of the bandage. Post-mortem — ^Heart cavities firmly contracted after 
death, and lunge engorged. Trachea foil of froth. Temperature at end of 
Experiment 96‘2 F. in rectum. 

November 19th.— No. 97. 

Medium-sized female monkey. Weight 9f lbs. Temperature of the 
room 23^ Cent. Into chloroform box at lOh. 50m. Fallen down at lOh. 58m. 
80s., and placed on the table. Temperature in rectum 102 ’4 F. Artery liga- 
tured at llh. 11m. 10s., and canula inserted. Connection made with mano- 
meters at llh. 24m. 50s. One Ludwig and one Fick tracing. 

H. M. s. Observations. 

A. 11 26 30. — Struggling. 

B. 11 27 30. — Application of a plaster of Paris bandage to the chest 

to imitate stays, and of 

C. 11 32 0. — A tight broad tape round the lower part of the abdo- 

men to imitate the effect of petticoats. 

D. 11 33 0. — Pushing chloroform until respiration stopped. 

Death ensued although the bandages were quickly removed and in spite 
of artificial respiration. Post-mortem — Blood, arterial, in left side of heart. 
Temperature after death 102'4 F. 

November 19th. — No. 98. 

Small monkey fastened on to the rabbit board at 3h. 14m. 30 b. A pin 
placed in the heart and connected by a thread with a time-marker writing on a 
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quick revolving dmm (the same as is used for the Fiok manometer). . The 
experiment was imperfect, bnt a few readings are preserved showing effect of 
placing ammonia before the nose. 

November 20th. — No. 99. 

Small rabbit on to rabbit board at 7h. 30m. with a needle in its heart attach- 
ed by a long thread to a time-marker. The trace shows the effect of holding 
ammonia before the nose. 

November 20th. — No. 100. 

A monkey arranged in the same way. One trace showing the absence 
of any effect when ammonia is held before the nose, corresponding to that which 
occurs in the rabbit. 


November 20th. — No. 101. 

Small rabbit arranged as above and chloroform hold before his nose. One 
tracing incorporated with the first tracing of 102. 

November 20th.— No. 102. 

Another rabbit in the same way. Chloroform given as before. Two 
tracings. 

November 20th. — No. 103. 

Large monkey. Weight 16^ lbs. Temperature of tlio room 24 Cent. 
Into chloroform box at 9h. 8m. 448. Fallen down at 9h. 15in. 5«. Placed on 
the table at 9h. 19m. Temperature in rectum lOl'S F. Artery ligatured at 9h. 
37m. 10s. Canula inserted at 9h. 40m. SOs. Connection with manometer at 
lOh. 3m. Ifis. Four Ludwig tracings and throe Fick. 

Ohsenatiom. 

H. M. S. 

K. 10 6 20.— Mechanical irritation of the left vagus. 

B. 10 7 30.— StruggUng. 

C. 10 8 20.— Irritation of the entire right vagus, coils 10 Cent. 

apart (Fick 4). 

D. 10 14 55. — Irritation of the entire left vagus (Fick 5). 

£. 10 17 80.— Irritation of the left vagus and pushing chloroform at 
the same time. 
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H. M. S. 

F. 10 24 40. — Ordinary chloroform administration. 

G. 10 27 16. — Extraction of teeth (Fick 10). 

H. 10 42 0. — Blow on the abdomen with a fly-flapper (Fick 13). 

I. 10 49 10. — Attempts to pass a grooved staff into bladder. 

K. 10 54 0. — Castration. 

L. 11 6 0. — Electrical irritation of the spermatic cord. 

M. 11 5 40. — Exposing the femoral vessels. 

N. 11 16 20. — Transfusion of saline solution, about 220 c.c., into 

the femoral vein. 

O. 11 26 0. — Exposing and destroying the left splanchnic nerve 

and plexus, during which operation the aorta was 
accidentally snipped, but the opening was at once 
closed by a clamp and very little haemorrhage 
occurred. 

r. 11 39 10.— Thrusting a needle into the heart. 

Q. 11 43 0. — Pushing chloroform until death with attempted res- 
toration by means of transfusion of saline solution 
and artificial respiration. 

After the thorax was opened and the heart found to have quite ceased 
beating, rhytlimical movements of the diaphragm occurred. The heart con- 
tinued irritable for some minutes. Temperature after death 97*2 F. 

In Experiment 103, as well as in Experiments 80 and 92, rhythmical 
movements of the diaphragm were noticed after the heart had ceased beating and 
after the chest had been opened. In Experiment 103 the splanchnic nerve had 
been divided, death and stoppage of the heart were very gradual, and the heart 
was still irritable during the diaphragmatic contractions. 

November 20th.— No. 104. 

A dog, weight 36|^ lbs., which had been dosed with phosphorus for two 
days. Into chloroform box at 2h. 22m. 5s. Fell down at 2h. 26m. 358. On 
the table at 2h. 29m. SOs., and kept quiet with chloroform. Temperature in 
rectum 100*4 F. Artery ligatured at 2h. 34m. 7b. Canula inserted at 2h. 86m. 



85 


78. Connection with manometer at 2h. 40m. 458. Three Ludwig and three 
Fick tracings. 

Observations. 

H. M. 

A. 2 41 0, — Struggling at various times. 

B. 2 41 30. — Chloroform administration ; violent blow on the 

testicle at 2h. 41m. SOs. No shock. 

C. 2 42 30. — Slight embarrassment of the respiration, from the 

foreleg being tightly bound down to the board 
(v/de Fick 1 & 2). 

D. 2 48 40. — Pushing chloroform until respiration stopped. During 

this observation the animal held his breath, tho 
pulse tracing was immediately lost and the pressure 
fell exactly as in the Glasgow experiments A & C. 

E. 2 51 10. — Artificial respiration (rf’de Fick 5), when tho normal 

respiration was recommencing. Tho slow pulse is 
very noticeable in this observation. 

F. 2 53 50. — Change to tho vertical position and while vortical more 

blows on tho testicle, and dental operations were 
performed, without the production of shock. 

G. 3 2 40. —Incising the abdomen. 

H. 3 3 30. — Blowing apomorphia 1-1 2th grain in solution into tho 

peritoneal cavity ; vomiting (Fick 0). 

I. 3 23 0. — Small opening into the larynx and injection of a few 

drops of chloroform. 

J. 3 26 30.— Pushing chloroform again until respiration ceased and 

artificial respiration (vide Fick 12). 

K. 3 34 40. — Seizing and snipping tho skin of the anus. 

L. 3 35 40.— Larger opening into abdomen and tying a tube into 

the stomach. 

M. 3 41 40. — Distension of the stomach with air. 

N. 3 49 55. — Pulling the stomach forcibly. 

O. 3 52 10. — Pushing chloroform very far, and prolonged artificial 

respiration. 
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H. S. 

P. 3 59 10. — Electrioal etimiilation of the h^urt. 

Q. 4 6 50. — Placing ice on the abdominal cavity. 

R. 4 9 0. — Pushing chloroform again until death resulted. 

After the thorax was opened 37 rhythmical contractions of the diaphragm 
occurred, but the heart continued beating for more than two minutes after 
these had stopped. Post-mortem~Temperattire 98’2 F. Weight post-mortem 
84| lbs. 


November 2l8t. — No. 105. 

Large-sized pariah dog, weight 30^ lbs., which has had three doses of 
phosphorus previously on the 18th, 19th, and 20th instant, respectively. It 
is in consequence very much out of sorts, and, judging from previous experi- 
ments with other dogs, would certainly have died in a few hours. Into 
chloroform box at 7h. 44m. 26s. Fallen down at 7h. 48m. 558. Placed on 
the table and a eanula inserted into left carotid. Temperature in rectum 102 F. 
Connection made with manometers at 8h. 9m. 10s. One Ludwig and one 
Fick tracing. 

Observations. 

H. M. 8. 

A. 8 12 50. — Pushing chloroform until respiration ceased (vide 

Fick 2 and 3). 

B. 8 16 50. — Recovery by artificial respiration. 

C. 8 22 35. — Snipping skin of the anus (vide Fick 5). No sign of 

shock. 

D. 8 24 30.— Ordinary chloroform administration (trace imperfect 

owing to the drum sticking). 

E. 8 28 55. — Pushing chloroform again and death in spite of arti- 

ficial respiration. 

The trachea was for some reason considerably obstructed with fluid, 
so that the animal was probably in a state of partial asphyxia. Temperature 
at death 100*8 F. 


November 21st.— 106. 

Large-sized pariah. Weight 25| lbs. Has had three daily doses of 
phosphorus on 18th, 19th, and 20th evenings. Given chloroform at 9h. 6m. 
Fallen down at 9h. 16m. 30s. On the table at 9h. 16m. Artery ligatured at 
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91i. 25m. 30s. Temperature in rectum 100*2 F. Canula inserted at Ok 29m. 30s. 
Ooimection made with manometer at 9h. 41m. One Ludwig and one Fick 
tracing. 

H. M. s. Observations. 

A. 9 42 20. — Ether administration on cap. 

B. 9 46 10. — Pushing ether until respiration stopped. Fick 4 

shows exactly the same absence of pulse tracing 
which is noted so frequently in chloroform poison- 
ing when the respiration stops {vide Experiment 
No. 107, Fick 3, and Experiment No. 178 — all the 
tracings). 

C. 9 52 0. — Artificial respiration ; and 

D. 9 54 30. — Inversion of tlie body failed to restore the animal. 

Temperature after death 97*8 F. Post-mortem. — There was a severe 
rupture in the liver and a quantity of blood in the peritoneum. Liver distinctly 
soil, friable and pale in colour. 

Experiment No. 106 shows the effect of inversion of the body, which is 
now-a-days thought to be a restorative in chloroform poisoning. Inversion of 
the body causes the pressure in the caroti<l to rise, but it falls to its former 
state when the animal is replaced in the horizontal position. In Observation 
D at 9h. 54m. 30a., when the animal was in the last stage of ether poisoning, 
inversion of the Inxly raised the j)ressure in the usual way as long as it was 
continued ; but it failed to restore the respiration and the dog died. The 
change in the blood-pressure in the carotid, which occurs when tlie position of 
the body is changed, appears tlierefore to be due 8iinj)ly and solely to the effect 
of gravity. Experiment No. 106 also proves that the effect of ot her is precisely 
the same as that of chloroform only loss intense. 

NoA'ember 2l8t. — No. 107. 

Large-sized pariah. Weight 281b8. Has had two doses of phosphorus 
on the 18th and 19th instant, respc!ctively. Into chloroform box at 
lOh. 9m. 148. Fallen down at lOh. 14m. 278. On the table at lOh. 17m. SOs. 
Artery ligatured at lOh. 24m. 13s. and canula inserted. Temperature, 99*8 F. 
in rectum. Loop under both vagi and the right carotid. Connection made 
with manometers at lOh. 38m. Pressure much too high ; so much soda solution 
must have been shot into the artery (vide Ludwig tracing). 
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One Lndwig and one Fick tracing. 

H. M. s. Ohseroattons. 

A. 10 36 0.— Ooming out of chloroform. 

B. 10 43 20. — ^Mild irritation (coil 16) of the entire right yagas 

(Fick 2). 

C. 10 44 20.— Pushing chloroform until respiration stopped {vide 

Fick 3), pulse tracing absent, this not being a sign 
that the heart had stopped ; it was restored eaBil 7 
by artificial respiration. 

D. 10 46 0. — ^Recovery with artificial respiration. 

E. 10 61 0. — Ligature and division of the right vagus (Fick 6). 

F. 10 63 10. — ^Mild irritation (coil 16) of the peripheral end of the 

right vagus (Fick 6). Pushing chloroform again 
during struggling until death occmred in spite of 
artificial respiration. 

The temperature in rectum was noted at intervals throughout {vide Ludwig 
tracing). 

November 21st. — ^No. 108. 

Large pariah. Weight 26 lbs. Has had two one-grain pills of phosphorus 
on the 18 and 19th instant, respectively. Into chloroform box at llh. 
23m. Fallen down at llh. 27m. 458. On the table at llh. 30m. 258. and kept 
quiet with ether. Temperature 100*8 F. in rectum at llh. 33m. Artery 
ligatured at llh. 37m. 458. Canula inserted at llh. 41m. 308. Temperature 
100*6 F. at llh. 47m. 15s. One Ludwig and one Fick tracing. 

H. M. s. Observations. 

A. 11 67 40. — Continued ether administration, which failed for a 

long time to keep the cornea insensitive, and was 
only effective when the aninaal was half smothered. 

B. 12 0 40. — Mild irritation of the entire right vagus, coil 15 

(Fick 2). 

C. 12 2 0. — Convulsion of the whole body. 

D. 12 10 30. — Irritation of right vagus, coil 10 (Fick 6). This 

reduced the pulse from 120 to 37 a minute. 

E. 12 14 40. — Ligature- and division (Fick 7) of the right vagus. 

F. 12 16 . 0. — ^The ether was pushed until death ensued. 
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Tracing stopped at 121i. 21m. Heart still moving when the thorax was 
opened at 12h. 25m. Temperature 97*4 F. Heart flickering at 12h. 27m. 

November 22nd. — No. 109. 

Medium-sized pariah, weight 27 lbs., that has had three doses of phospho- 
rus on the 18th, 19th, and 20th instant, and is in an extremely feeble state. 
Chloroformed in the box at 8h. 9m. Fallen down at 8h. 17m. 15s. Placed on 
the table at 8h. 19m. 20s. Noticed to have stopped breathing at 8h. 19m. 40s. 
Artificial respiration begun at once. Needle in the heart moving feebly at 
8h. 21m. 45s. Breathing spontaneously at 8h. 23m. 208., but .artificial respira- 
tion continued in the ordinary way. Respiration continued off and on until 
8h. 26m. SOs. Needle in the heart afterwards moving slightly, but rhythmi- 
cally. The trachea was opened and artificial respiration performed by the 
bellows method for a few minutes, but with no result. 

November 22nd. — No. 110. 

Medium-sized female monkey, weight 11| lbs. (has varicose veins on 
abdomen). Into chloroform box at 8h. 51m. Fallen down at 8h. 54m. 15s. 
On the table at 8h. 56m. 458. Temperature in rectum 101*4 F. Artery liga- 
tured at 9h. lOm. 58. Canula inserted 9h. 12m. 45s. Loops under both vagi. 
Breathing stopped at 9h. 23m. SOs. Artificial respiration at once and until 
9h. 24m. SOs. when breathing became natural again. Stopjn^d breathing again 
at 9h. 27m. and artificial respiration performed for some time but without 
success. Temperature after death 100*8 F. Post-mortem— The large bronchi 
and trachea were filled with blood, and there was a large patch of bloody 
effusion in the posterior lobe of one of the lungs. 

November 22nd. — No. 111. 

Monkey, weight lOf lbs., chloroformed in the box 9h. 43m. SOs. Mon- 
key fallen down at 9h. 48m. 4.58. On the table 9h. 50m. 40 h. Artery liga- 
tured and canula inserted. Connection with manometer at lOh, 13m. 30b, 
Four Ludwig and two Fick tracings. 

H. M. 8 . Observations. 

A. 10 14 30. — Ordinary chloroform administration on several occa- 

sions. 

B. 10 20 40. — Small incision into the abdomen and tying a small 

tube into the colon (erroneously written “ stomach” 
on the tracing). 
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H. M. B. 

C. 10 51 0. — Injection of two doses of half a grain of tartar emetic 

into the colon ; struggling. 

D. 11 15 0.-~ExpoBing and destroying the left splanchnic cord and 

plexus, during which proceeding the animal was 

detached from the manometer. 

E. 11 34 20. — Pushing chloroform until respiration had almost 

stopped. 

F. 12 8 20.— Application of hot and afterwards cold cloths to the 

body. 

G. 12 14 40, — Placing a clean cap over the nose. 

H. 12 12 30. — Holding ammonia before the nose. 

I. 12 20 0. — Pushing chloroform until respiration ceased. 

J. 12 27 0. — Artificial respiration. 

K. 12 31 20.— Exposing the jugular vein. 

L. 12 36 0.— ‘Injection of ammonia, 5 minims of strong ammonia 

diluted with 20 minims of water into the jugular. 

M. 12 40 0. — Pushing chloroform finally until death resulted. The 

decline of blood-pressure was unusually gradual. 

The temperature in the rectum had fallen below 

95 F. for some time before the end of the 

experiment, 

N.B . — ^Readings marked “ C ” were taken with a second Fick instrument 
made by the Cambridge Co. 

To test the effect of shock due to vaso motor change rather than affection 
of the heart Goltz’s experiment on the frog was repeated on three dogs. In one 
there was slight lowering of pressure which was not extensive, and in the others 
no effect was produced at all. Other operations, which seemed likely to pro- 
duce shock, such as violent blows upon the testicle, were singularly devoid of 
effect. Failing to lower the blood-pressure by any of these methods, recourse 
was had to section of the splanchnics, but the low condition of blood-pressure 
this produced appeared, like stoppage of the heart from vagus irritation, to be a 
source of safety rather than of danger during chloroform administration. In 
this connection Experiment No. Ill may be studied. There was not much 
external haemorrhage, but the splanchnics were divided,— a proceeding which, as 



H. M. 8. 
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stopped. The residual chloroform in the lungs was 
then rapidly taken np and prodnoed its ordinary 
effect. (Compare vrith Observation D in Experi- 
ment 64). 

E. 8 52 30.— Chloroform administration for one minute and 

twenty-five seconds. Respiration stopped at 8h. 
53m. 55s. Artificial respiration was then performed 
for two and-a-half minutes, from 8h. 54m. Os., and 
natural breathing recommenced at 8h. 57 m. Os. 

F. 9 2 20.— Electrical irritation of vagus ; the stimulation was 

effective at first {vide Fick 19), but wore off and 
when chloroform was administered at 9h. 3m. Os. 
it had almost ceased, and the full effects of the 
anaesthetic were quickly developed. Respiration 
stopped at 9h. 4ni. Os. and the chloroform cap was 
removed at 9b. 4m. 15s. Though the auccsthetio 
had only been administered for little over a minute, 
the animal was restored with great difficulty by 
.artificial respiration, which was kept up for six 
minutes and thirty>five seconds before natural 
breathing returned at 9h. 11m. Os. 

G. 9 19 20. — Chloroform pushed again with irritation of the vagus at 

the same time. In this observation the stimulation 
did not become effective till after the respiration 
stopped. The breathing ceased at 9h. 20m. 20s. 
The irritation was stopped at 9h. 21m. 25 b. and 
the chloroform cap was removed at 9h. 21m. 358. 
Breathing recommenced spontaneously at 9h. 23m. 
508., but was not fully established till 9h. 25m. 15s. 
During this time there were some remarkable fluc- 
tuations of the blood-pressure, the falls being pro- 
bably due to residual chloroform being taken up 
from the lungs, alternating with rises due to elimi- 
nation of the anaesthetic from the lungs when the 
animal breathed {vide Ludwig III. at 9h. 22m. Oi., 
9h. 24m. Os. and 9h. 25m. Os.) 

■iL' 
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H. K. 8. 

H. 9 31 25. — Hub observation consisted in prolonged irritation of 
the vagus from 9h. 30m. 258. to 9h. 41m. 50s. 
and the administration of chloroform by artificial 
respiration from 9h. 31m. 458. to 9h. 39m. fiOs. 
The animal died, but the heart did not stop finally 
till 9h. 44m. 30s. This observation would have 
been more satisfactory if the vagus irritation had 
been kept up until all the residual chloroform in the 
lungs had been got rid of by artificial respiration. 

The whole experiment is most instructive, as it, like Observation D in Experi- 
ment No. 64, proves that inhibition of the heart’s action by the vagus prevents the 
fatal effects of chloroform poisoning and benefits the heart. The animal in 
Experiment 117 was put into a condition of extreme danger, from which it could 
only be restored by means of artificial respiration, by inhalation of chloroform for 
little over one minute {vide Ludwig I., Bh. 3m, Os. and Ludwig II., 8h. 53m. 30s) 
The same animal recovered spontaneously and readily after five minutes of 
chloroform inhalation, with inhibition of the heart produced by electrical 
stimulation of the vagus. At 8h. 29m. 20 b. [vide Ludwig II.) chloroform was 
pushed for seven minutes during continued irritation of the vagus, and the 
animal came round without artificial respiration. The danger really begins in 
those cases when the irritation is discontinued or fails to inhibit the heart, and 
thus enables the residual chloroform in the lungs to be rapidly absorbed and 
thrown into the system {yide Ludwig III., 9h. 22m. Os. to 9h. 25m. Os). 

November 25th. — No. 118. 

Monkey (Macacus), Weight 11 lbs. Temperature of the room 24‘5 Cent. 
Into chloroform box at lOh. 27m. 278. Fallen down at lOh. 32m. 25s. Placed 
on table at lOh. 32m. 508. and kept quiet with chloroform. Temperature in 
rectum 104’4 F. at lOh. 42m. 30s. Artery ligatured at lOh. 50m. 50s. Canula 
inserted at lOh. 52m. 30s. Both vagi looped with a loose ligature. Connection 
made with manometer a few seconds before lOh, 58m. Two Ludwig and three 
Fick tracings. 

Observations. 

H. M. s. 

A. 10 58 55. — Ordinary chloroform administration with violent 

struggling. 

B. 11 3 20.— Irritation of the entire left vagus. 



c. 
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H. M. S. 

11 33 40. — Irritation of the left vagus and pushing ohloroform 
at the same time on two occasions. 


D. 11 41 40. — Chloroform administration with struggling. 

E. 11 42 20. — Imperfect irritation of the right vagus and pushing 

chloroform. 


The tracing was interrupted by clotting in the tubes just as the irritation 
of the vagus and chloroform administration were stopped. The animal breath- 
ed spontaneously for a few seconds, but then finally ceased breathing and died. 


November 25th. — No. IIU. 

Temperature of the room 25 Cent. Large pariah, weight 30 lbs., that has 
had phosphorus on the previous two days, one grain each day, and had been 
chloroformed in the morning by Dr. Rustomji, and is extremely feeble. Into 
chloroform box at about 2h. 10m. Fallen down at 2h. 21m. 1‘laoed on the 
table at 2h. 22m. 10s. and kept quiet with chloroform. Respiration very feeble 
and artificial respiration began at 2h. 24m. 458. Breathing better at 2h. 25m. 
40s. (The dog was so feeble generally that it was not necessary nor advisable 
to tie him down on the board in the usual way.) Temperature 00 8 F. in the 
rectum at 2h. 20m. Connection made with manometer at 2h. 41m. 208. Four 
Ludwig and three Fick tracings. 


Observations. 

H. M. 8, 

A. 2 42 40. — Chloroform administration; holding breath and gasping; 

placing thermometer in the rectum ; struggling. 

B. 3 12 55. — Irritation of right vagus and pushing chloroform until 

respiration stopped: with spontaneous recovery 
Fick 5). 

C. 3 23 0. — Irritation of right vagus and, pushing other (vide 

Fick 8). 

D. 3 38 20. — Pushing chloroform, and after the blood-pressure had 

fallen, irritating the vagus. 

£. 3 43 20. — Artificial respiration. 

F. 3 63 30. — ^Tracheotomy. 

■‘ji 

■f- 


1 » 
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H. M. 8, 

G. 3 55 0. ~ Artificial reepiration by bellows apparatus attaolied to 

a tube in the trachea. 

H. 4 10 0. — ^Blowing ether by means of this apparatus directly into 

the trachea. 

I. 4 13 40.— Introduction of chloroform by means of a Junker’s 

inhaler introduced through the tracheal tube down 
to the bronchi, and pushing it until death resulted.* 
Post-mortem.— Temperature 97 ‘6 F. Heart pale and 
rather friable. Liver very pale and soft. 

November 25th. — No. 120. 

Rabbit that had had 5 minims of liquor atropiee an hour before. Into 
chloroform box, 1 cubic foot in area, at 4h. 28m, SOs, Drowsy and vessels of 
the ear dilated at 4h. 29m. Fallen on its side and whining at 4h. 29m. 30s. 
Breathing stopped at 4h. 30m. Taken out at once and artificial respiration 
commenced, but this was of no avail though continued until 4h, 38m. 

November 26th. — Nos. 121 and 122. 

No. 121. Rabbit, 5 minims of solution of atropia sulphate injected into 
the thigh at 7h, 10m. 20s. 

No. 122. Rabbit that has not had atropine 







No. 121. 

No. 122. 






U. K. B. 

H. M. 8. 

Both into chloroform at 

#•« 

# a • 

• •• 

• • • 

7 25 15 

7 25 15 

Fell down on side at 


• •• 

• •• 

• •• 

7 27 5 

7 27 5 

Sat up again at 

• • • 


##• 

• •• 

7 27 80 

j Continued 

Struggling at 


• • • 

taa 


7 27 40 

(on his side. 

Crying at 

• ta 

• •• 

999 

9 99 

• •• 

7 28 45 

Stertorous broatliing at . • • 


• •• 

9m9 

9 99 

• a a 

7 29 7 

Fundus of the eye bluish at 

• •• 

• •a 

• • • 

9 99 

aaa 

7 29 80 

Beating time with feet at... 

• •• 

• • • 

• •• 

99 9 

7 30 15 

7 80 15 

Stopped breathing at 


• • • 


9 99 

aaa 

7 81 5 

Taken out of box and artificial respiration commenced at 

99 9 

7 31 80 

Breathing naturally at ... 

• es 


••• 

• •• 

999 

7 82 80 

Oomea senaitire at 

• •• 



• •• 


7 82 45 

Taken out of box though still breathing at 

••• 

• • • 

7 88 10 

••• 

Oomea sensitive at 

• •• 



• •• 

7 84 20 

••• 

Excited straggling at 

• •• 

••• 

• •• 

• •• 

7 85 0 

••• 


At 7li. 88m. tha pa|^ of 188 were more diletecl than the paiala of 181. 
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November 26du — ^Nos. 123 and 124. 


Two small monkeys, weight ... 


• • • 

No. 123. 

... 7 lbs. 

No. 124. 

8^ lbs. 

Into ohloroform in a cubic foot box at 


• •S 

H. X. 8. 

... 7 68 0 

H. X. S. 

7 63 0 

jPailen down at 

••• 

• •• 

... 7 66 80 

7 66 80 

Straggling at 

• •• 


... ••• 

7 56 40 

Taken out of box at 

•M 

• •• 

... 7 57 40 

7 67 40 

Ohloroform to keep quiet at 


• «. 

... 7 59 40 

7 59 40 

“ Under.” Stopped chloroform at 

• •• 

• •• 

... 8 0 80 

8 0 45 

More chloroform again at 

• •• 

• •• 

... 8 1 53 

8 6 82 

“ Under.” Stopped chloroform at 



... 8 2 80 

8 7 50 

More chloroform Srd time on inhaler in front of tracheal 


tube at *•« ••• ••• 


••a 

... 8 7 60 

8 10 80 

“ Under.” Stopped ohloroform at 


• •• 

... 8 7 63 

8 11 52 

More chloroform, 4th time at ... 

... 

• •• 

... 8 11 10 

8 21 .% Do. 

“ Under.” Chloroform stopped at 


• ts 

... 8 11 50 

8 23 10 

More chloroform, 6th time at 



... 8 16 50 

• •• 

“ Under” at 

• •• 

• • • 

... 8 18 0 

• •• 

Opened trachea at 

... 

• •• 

... 8 9 0 

8 7 86 

Canula inserted at 



... 8 9 5 

8 8 45 

Ee-inserted, having slipped out at 

... 

• •• 

... 8 20 7 

•*. 

Attached to the bellowB artificial respiration apparatns. 


which was so arranged as to blow 

air through a 


separate bottle into each monkey at 

... 

... 

... 8 28 27 

8 23 27 

Opening the thorax at 

• • • 

• •• 

... 8 24 80 

8 24 0 

Heart exposed at 

*•• 


... 8 2C 80 

8 27 0 

Ether in Ixittle at 

• • • 

• •• 

••• 

8 82 16 

Chloroform in bottle at 

• • • 

• •• 

... 8 82 80 

... 

Heart stopped 

• •• 

• •• 

... 8 89 0 

• 

• •• 


• n»in» tA I Vink in thn tiihM Vo IM wan killed bv aiipliTxia ; tiia heart only flielterlnR or very feebly 
contracting ^wben it wa*flr««t exposed, but it continued to .lo so until lOli. 48m. with Htiil a faint contraction of one 
comer of the aaricle at llh. 80m. 


November 26th. — No. 125. 

Monkey (medium-sized Macacus). eight 1 1 J lbs. Into chloroform box 
at 9h. 20m. Fallen down at 9h. 29m. 158, Placed on board at 9h. 29m. 30 b. 
Kept qniet with chloroform. Trachea opened at 9h. 35m. 30 b. Tube inserted 
at 9h. 36m. Artificial respiration kept up by bellows apparatus and chest 
opened. Attempt to connect with Roy’s cardiomyograph failed. Ether began 
at lOh. 22m. 10s. Heart contracting very feebly. Fresh air lOh. 24in. 80a. 
Heart just moving and no more. Flickering until lOh. 40m. 
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Novranber 26th — No. 126. 

Monkey, small Weight 4| lbs. Into box and chloroform given at 
lOh. 36m. 30 b. Fallen down at lOh, 40m. 45 b. Trachea opened at lOh. 45m. 
5s. and canula inserted. Kept quiet with chloroform. Opening thorax at llh. 
6m. 15 b. with artificial respiration by bellows apparatus. Heart exposed at llh. 
8m. 30e. 5 cc. of ether into the bottle of the apparatus. Animal “ quite out” at 
llh. 11m. Cornea insensitive at llh. 11m. 50e. Heart’s action very rapid at 
llh. 13m. 50s., but still acting vigorously. Chloroform, same quantity, at llh. 
16m. 45s. (all the ether had evaporated). Ventricle stopped at llh. 17m. 45e. 
Heart flickering at llh. 19m. Lungs no longer contracting at llh. 20m. 30s. 
All right again at llh. 21m. 50s. Lungs not distending at llh. 24m. owing 
to apparatus breaking down. 3^ cc. of chloroform remained in the bottle. 

November 26th — No. 127. November 26. — No. 128. 

Small monkey. Weight 4^ lbs. Small monkey. Weight 4^ lbs. 

H. M. B. 

Into chloroform box 1 cubic foot capa- 2 S2 0 Into chloroform box 1 cubic foot capo* 
city. city. 

Still standing and licking the glass ... 2 83 45 Fallen down. 

More chloroform into the 1k>x 2 35 45 Taken out of box and tied on to board. 

Fallen down 2 37 0 

Taken out of box and tied on board ... 2 37 10 

2 88 0 Tracheotomy commenced. 

More chloroform in ordinary cap 2 39 41 

Stopped getting chloroform 2 40 10 

2 40 20 Trachea opened. 

Tracheotomy commenced 2 40 35 

2 41 5 Glass tube inserted. 

2 41 53 Having chloroform (cap held before tub^. 

2 43 3 Stopped chloroform. 

More chloroform 2 43 37 

Stopped chlorofonn 2 43 58 

More chloroform ... 2 45 38 

Stopped again 2 46 5 

Trachea opened 2 47 SO 

2 49 17 More chloroform. 

Glass tube into trachea 2 50 27 

2 51 4 Stopped chlorofonn. 

More chloroform on ordinary cap in front 2 51 35 
of tube. 

Stopped chloroform 2 52 43 
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No. l27--'-emtinued. H. M. s. No, 128— 

Tube slipped out of trachea ... 2 68 10 

2 58 45 More chlorofcrm. 

2 54 15 Stopped chloroform. 

More chloroform by mouth ... ... 2 54 40 

Stopped chloroform... 2 55 10 

Glass tube inserted again 2 55 31 

More chloroform 2 55 52 

Stopped chloroform 2 56 28 

2 57 48 More chlorofonn. 

More chloroform 2 58 54 

Stopped chloroform 2 59 80 Stopped cliloroforra. 

Connected with the bello\s'S-artificial respi- .8 0 0 Connected with the bellows-artificial res- 

ration apparatus. piration apparatus. 

Opening thorax 3 021 Opening thorax. 

Oliloroform through the bellows 8 0 44 Chloroform through the bello\i*s. 

8 1 52 Heart exposed. 

Heart exposed ... • ... ... ... 8 2 4 

Struggling 3 2 25 Stniggling, 

8 3 10 Lungs not cxj^nding. 

8 3 20 Exjmnding imperfedly. 

Lungs expanding freely 8 4 50 Lungs expanding freely. 

8 5 10 Ether into the l>ottle. 

Chloroform into the bottle 8 5 80 

Heart distinctly feeble 8 5 25 

8 5 38 Heart very rapid. 

8 7 7 Jerky action of the diapliragin. 

Needle into heart ... 3 7 20 Needle into heart. 

Another needle into heart 8 7 80 

8 8 45 More ether into bottle. Cornea sensitive. 

Lungs not expanding 8 9 40 

Heart stopped 8 12 5 

(Post-mortem showed clot at the bifurcation 8 14 45 Ether completely cvaporaUd. 
of the bronchi). 

8 15 5 More ether into l)ottlc. 

3 17 80 Needle barely moving. 

3 27 45 Stopped. 

November 26th. — No. 129. November 26th.—- No. ISO, 


Small monkey. Weight lbs. Small monkey. eight lbs, 

H. X. H. 

Into chloroform box ••• ••• ••• 3 81 32 Into cliloroform box. 

Ilruiik 3 84 52 Drunk. 

FaUeoJdown ... ... ••• ••• ••• 8 84 10 



No. 129— 


K. K. S. 

8 84 22 

No. 180— 

Fallen down. 

Taken out of box ... 

••• 

8 85 7 

8 85 85 

Taken out of box. 

More chloroform. 

More chloroform 

• •• 

8 86 0 

Stopped chloroform. 

Stopped chloroform 

• • • 

8 86 82 

8 86 57 

More chloroform. 

More chloroform 

• • • 

8 87 24 

8 87 68 

Stopped chloroform. 

Commenced tracheotomy 

... 

8 88 40 

3 88 60 

Commenced tracheotomy. 

Stopped chloroform • • • ••• ••• 

... 

8 89 0 


Trachea opened 

... 

8 89 48 


ClaBS tube inBerbed 

... 

8 40 8 

8 40 10 

Stopped chloroform (commencement nob 
noted). 

More chloroform 

... 

8 40 45 


Stopped chloroform 

... 

8 42 0 


More chloroform 

... 

8 48 45 


Stopped chloroform**. •*• ••• 

... 

8 44 47 


More chloroform ••• ... ••• 

... 

8 46 80 

8 46 60 

Tube inserted into trachea. 

Stopped chloroform 

... 

8 47 26 

8 61 0 

More chloroform. 

More chloroform •*. ••• 

... 

8 61 62 


Stopped chloroform... ••• 

... 

8 62 27 


More chloroform ••• ... ••• 

... 

8 68 16 


Stopped cliloroform 

... 

3 63 41 

Stopped chloroform. 

Connected with artificial respiration appara- 
tus. 

8 65 0 


Cornea Bensitivc 

... 

8 66 15 

Connected with apparatus ; cornea sen- 
sitive. 

Chloroform through bellows 

... 

8 66 0 

Chloroform through l)ellows. 

10 minims chloroform into bottle ... 

... 

8 57 26 

3 57 43 

10 minims chloroform into bottle. 

Cornea insenBitive ... ... ... 

... 

3 58 0 

Cornea sensitive. 

Opening chest ... ••• ... 

... 

8 58 15 

Opening chest. 

Heart fully exposed 

... 

8 69 10 


Lungs expanding better 

••• 

4 0 0 

4 0 20 

Heart exposed. 

5 cc. ether into bottle 

... 

4 2 24 

4 2 37 

6 cc. chloroform into bottle. 

Needle into heart ... 

... 

4 2 57 

Heart very feebly beating. 

Heart beating rapidly, oommunioating 
ntovetnents to the abdominal wall. 

4 ,8 80 



No. 129— -con^tnueef. 

lOS 

H. M. 8. 

No. Id&i—con^nued. 


4 3 55 

Needle into heart. 

$ GC. I1IOF6 G^llGF ••• ««• ••• 

4 8 0 



4 8 18 

6 00. more chloroform. 

Needle moving lew vigorously bat dis- 

4 8 40 

Needle barely moving. 

tincUv. 


4 10 0 

Very slightly moving, if at all. 


4 10 55 

Absolutely not moving. 

Needle moving slowly but steadily. More 

4 12 8 

After opening pericardiiuu heart again 

ether. 


flickered. 

£Leart stojpped ••• •«* ••• »«• 

4 12 20 


November 27th. — No. 132, 3^ lbs. 

No. 131. 34 Ibtt. . 

Medimn-Bized monkey. 


Medium-bized monkey. 

luto chloroform box 

4 24 20 

Into chloroform box. 


8 2t> 0 

l)ix)oping. 

More chloroform into box 

8 27 18 

More chloroform into Ih>x. 


8 27 47 

Fallen against the side. 


8 28 r>o 

Down and bmithiug stertorously. 


8 2‘J 55 

Taken out of box and tied on to a boai*d. 

Fallen doHii 

8 80 10 


Taken out and tied on to a board 

8 81 8 



8 81 82 

More chloroform into the box. 


8 82 22 

Stop()ed chloroform and commenced tracheo- 

More chloroform 

8 88 20 

tomy. 

Stopped chloroform and begin tracheotomy. 

8 34 4 



8 84 40 

Trachea opened. 


8 35 9 

Tulx; inserted into trachea. 


8 85 51 

More chloroform. 

Trachea opened 

8 80 83 


Tube inserted 

8 80 55 


Bespiration stopped &, artificial respiration.. 

8 37 45 



8 38 5 

Stopped chloroform. 


8 89 15 

Mom cliJoroform. 


8 40 2 

Stopped chloroform. 

Pressure liad probably been made on the 

8 48 20 


chest by the operator, who had operated 
from below and covered the chest with 
his hands. 

No heart wrand aodible ; needle into hearC 

8 44 13 


Needle feeUy moving; oontiane artificial 

8 45 10 

More chlaroform ; atmggliBg. 

lequBtioii. 

Ahaodfliisd ••• ••• ••• ••• **o 

8 46 28 

Stopped ohknirfoim. 
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No. 184. Na 131 — continued. 


Another medium-sized monkey. 
Weight 4 lbs. 

" Into chloroform box 

Still sitting up and looking about him ... 

Leaning against the side 

Still moving about 

Fallen down... ... ... ... ... 

Taken out of box 

More chloroform on cap 

Chloroform stopped ; tracheotomy begun... 

Trachea opened 

Tube inserted 

More chloroform 

Stopped chloroform 

Attached to bellows apparatus 

Commenced to open thorax and artificial 
respiration begun. 

A little chloroform into bottle 

More chloroform into bottle ••• 

Over ” and proceed with operation 
Heart exposed ••• ••• ••• 

Pericardium opened 


Oomea Bensitive 

6 00 . chloroform into bottle 
Needle into heart 

5 00. chloroform 


6 oa ohloroform a«» ••• ••• 

Left ventricle hardly acting ; right b^ter 


H. u. B. 

8 51 3 

8 52 46 More chloroform. 

8 53 37 Stopped chloroform. 

8 56 23 
8 57 58 
8 58 5 

8 59 0 

9 1 25 More chloroform. 

9 1 52 Stopped chloroform. 

9 2 7 
9 2 18 
9 8 9 

9 8 29 More chloroform. 

9 8 60 Stopped chloroform. 

9 8 55 

9 4 5 Attached to bellows apparatus. 

9 4 31 Opening thorax. 

9 5 5 Artificial respiration begun. 

9 6 45 

9 6 27 Heart exposed. 

9 7 27 
9 8 0 
9 8 57 

9 9 40 Chloroform into bottle. 

9 10 30 Quite over. 

9 10 36 Needle into heart, 

9 11 20 Bottle emptied. 

9 11 85 Needle taken out of heart. 

9 12 80 

9 18 60 Ether into bottle 5 cc. 

0 18 10 

9 IS 80 Needle into heart. 

9 15 5 5 ca m(«e ether into bottle. 

9 15 46 

9 17 0 Heart beating rapidly. Ether all evaporated. 
9 17 66 10 00 . more ether into bottle. 

9 19 20 
9 21 20 

9 21 66 Perioaidinm nmovad. 



No. 134 — cor^nwed. 

Heart feebly flickering 


Needle absolutely still 


No. 

H. 1C. & 

9 22 40 

9 24 34 8 cc. ether into bottle. 

9 29 43 Another needle into heart. 

9 88 0 

9 89 55 Oonnection between needle and a time* 

marker {i*ide tracing). 

9 44 15 More ether into bottle. 

9 51 5 Artificial respiration stopped (after which 

it made spontaneous respiratory move- 
ments about every fourth second). 

10 0 0 Artificial respiration commenced. Ho came 

rotmd and breathed spontaneously again 
{vide tnunng II), 

10 24 0 Artificial respimtion begun again. 

10 27 0 Chloroform into bottle. 

10 87 0 Needle taken out. Heart still boating, 

10 48 80 Finally stopped, but still remained irritable, 

so that it l)egan l)cating again when needle 
was put into it. 


November 27th. — No. 133. 


Horse thrown and given chloroform on a nose-bag at lOh. 50m. Loop 
under right vagus at lOh. 55m. 45s. Right carotid ligatured at lOh. 57m. 408. 
Canula inserted at llh. Im. Connection with manometer at llh. 17m. 658. 
while horse was on the floor. (He was afterwards, llh. 42m. 308., raised on to 
the table.) 

Two Ludwig and two Fick tracings. 

Ohscnmtimis. 

A. Ordinary chloroform administration. 

B. Slight struggling. 

C. Pushing chloroform until respiration stopped ; death resulted 

in spite of long-continued artificial respiration. 

Repeated attempts were made to irritate the vagus, but they failed as the 
nerve was never exposed. 

November 27th. — No. 135. 

Medium-sized monkey. Weight 13 lbs. Temperature of room 23J Cent. 
Into chloroform box at 2h. 22m. 358. Placed on the table at 2h. 27m. 42s. 
and kept quiet with chloroform. Temperature in rectum 102*6 F. at 21i. 37m. 


14 
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308. Artery ligatured at 2h, 45m. 25s. Cannla inserted at 2L 48m. 10s. 
Loop under both vagi. Connection made with manometer at 2h. 59m. 50e. 
Three Ludwig and three Fick tracings. 

Ohservatima. 

A. Ordinary chloroform administration and struggling. 

B. Double ligature and division of the right vagus. 

C. Irritation of the central, and 

D. Peripheral end of the vagus. 

E. Injection of 10 grains of chloral into the peritoneum, and after- 

wards irritation of the central and peripheral end of the right 
vagus. 

F. Exposure and ligature of the femoral artery. 

G. Opening the trachea and tying a small glass tube into it. 

H. Closure of the tracheal tube so as to produce almost complete 

asphyxia. 

I. Pumping chloroform vapour into the closed tube by means 

of Junker’s inhaler while the respirations are still embarrassed 
and consequent speedy death. 

While the chest was being opened, air suddenly rushed in, and it was 
thought that spontaneous respiration was going to recommence, but there was no 
real spontaneous movement. After death chloroform was injected with much 
force into the femoral artery and produced complete rigidity of the limb. 

November 25th. — No. 136. 

Goat, young male. Weight 16 lbs. Into chloroform box at lOh. 48m. 20s. 
Fallen down and taken out of box at lOh. 59m. 20e. Placed on the board and 
kept quiet with chloroform. Loop under both vagi. Ligatured the left carotid 
at llh. 9m. 26s. Canula inserted at llh. 11m. 47s. Temperature in rectum 
102*6 F. at llh. 18m. 208. Connection with manometers at llh. 19m. 20s. 
One Ludwig and one Fick tracing. 

H. M. s. Observations. 

A. 11 11 30. — Ordinary chloroform administration ; holding breath. 

B. 11 25 10. — Pushing chloroform until respiration had almost 

ceased. 

C. 11 30 0.*— General convulsions ; respiration ceased at llh. 28m. 

20s. 
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H. M. 8. 

D. 11 30 30.— Ardfioial respiration was commenced some minutes 
after the respiration had entirely ceased and failed 
to restore the animal 'Xho case was complicated 
by a very distended stomach and the fact that the 
trachea was filled with fluid at an early stage. It 
was thought that some of the contents of the 
stomach found their way into the air passages 
during the convulsions or even before they occurred. 
A needle was inserted into the heart at llh. 34m. Os. 
and moved rhythmically until llh. 41m. 40s. 

November 28th. — No. 137. 

Goat, young male, weight 15| lbs. Into chloroform box at llh. 46m. 
43s. Fell down at 12h. 2m. 30s. and taken out of box, but still quite sensitive. 
More chloroform from time to time to keep it under. Holds its breath like the 
other goat whenever chloroform is given. Temperature in rectum at 12h. 8m., 
103*6 F. Artery ligatured at 12h. 11m. 15 b. Canula inserted atl2h. 12ra. 60s. 
Connection with manometer at 12h. 16m. Two Ludwig and one Fick tracing. 

Observations. 

H. M. 8. 

A. 12 18 10. — Ordinary chloroform administration showing the eflfect 

on the tracing of holding the breath, and of irregular 
jerking respiration. 

B. 12 25 40. — Irritation of the left vagus nerve {vide Fick 4). 

C. 12 37 30. — Pushing chloroform and irritating the loft vagus (vide 

Fick 6). 

D. 12 45 40.— The same, only for a much longer time, after which 

the animal died in spite of artificial respiration, which 
however, for some reason, was never efficient, no air 
passing in and out of the chest. 

On opening the chest a large quantity of blood was found in the left 
pleural cavity. 

November 29th.— No. 138. 

Temperature of room 20 Cent Cat, weight 6^ lbs. Into chloroform at 
7h. 68m. 6b. More chloroform into the box at 8h. Im. 66s. Struggling at Bh. 2m. 
Fallen down at 8h. 2m. 15e. Tied on to rabbit board and given chloroform 
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from time to time to keep it under. Temperature in the rectum 100*6 F. at 8h. 
9m. 458. and artery ligatured. Connection with manometer at 8h. Im. 25b. 

Two Ludwig and one Fick tracing. 

Ohaervatiom. 

H. M. 8, 

A. 8 4 30. — ^Administration of ether on a cap. 

B. 8 34 0. — Struggling. 

C. 8 44 30. — Pushing ether until respiration had almost ceased and 

only occasional gasping continued. 

D. 8 53 30, — Pushing ether with the cap covered with mackintosh 

until death ensued. 

In this and the next experiment the respiration was registered by a system 
of Marey’s tambours connected with a pin in the chest wall, the marker running 
below the manometer tracing. 

November 29th.-— No, 139. 

Small cat, weight lbs. Chloroform given at 9h. 29m. 20s. Fallen 
down at 9h. 31m. 45s, Placed on the table at 9h. 35m, 408. During the 
operation of exposing the carotid the cornea was quite insensitive, but there 
was whining respiration. Artery ligatured at 9h. 40m. 50s. Canula inserted 
at 9h. 42m. 20s. Connection with manometer at about 9h. 50m. 30s. One 
Ludwig and one Fick tracing. 

Ohservattons. 

II. M, s, 

A. 9 51 50. — Ordinary chloroform administration. 

B. 9 58 50. — Pushing chloroform until death ensued. 

The trace was interrupted just before the end by clots in the tube. 

November 29th. — No. 140. 

Moderate-sized monkey, weight 11^ lbs. Temperature of the room 21 
Cent. Into chloroform in a cubic foot box at lOh. 42m. 15s. Fallen against the 
side of the box at lOh. 47m. 20s. A little more chloroform into box at lOh. 
48m. 458. Down at lOh. 49m. 10s. Eyes still b linkin g. Taken out of box at 
lOh, 50m. 20 b. and kept quiet with chloroform. Temperature 103 F. in rectum. 
Canula inserted into carotid llh. 5m. 308. 
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One Ludwig and one Fick tracing. 

Ohservatiom. 

H, M. 6. 

A. 11 12 40. — Ether administration on a cap covered with a small 

piece of mackintosh which failed to keep the animal 
thoroughly under, though the cornea was insensitive, 
struggling occurring when a pin was thrust into the 
chest. 

B. 11 20 35.— Ether administration asphyxia by enveloping the 

head completely in mackintosh, 

C. 11 27 50. — Asphyxia by the same means witlioxit other. 

D. 11 32 20. — Pushing ether jr)/!4.s asphyxia until death resulted. 

The trace was interrupted before the death of the animal by a clot in tlio 

tubes. 

November 29th.— No. 141. 

Large goat, vreight 66 lbs. Chloroformed by a nose-bag while standing 
at 2h. 18m. 51s. Thrown down at 2h. 19m. 508. Cornea insensitive at 2h. 20m. 
408. and chlorofonn stopped, the animal lying quite quiet while being tied 
down on to the table. Some salivation. C’ornea sensitive at 2h. 22m. 40 b. 
More chloroform at 2h. 23m, 10s. Cornea insensitive at 2h. 25m. 30 h. and 
chloroform stopped. Left carotid ligatured at 2h. 27m. 408. More chlorofonn 
at 2h. 31m. 288. Stopped chloroform at 2h. 33m. 38. More chloroform at 2h. 35m. 
488. Stopped chlorofonn at 2h. 36m. 358, More chlorofonn at 2h. 38m. 50 b. Canula 
inserted into the artery at 2h. 41m. Stopped chloroform at 21i. 41m. 528. More 
chloroform at 2h. 43m. Sis. Connection made with manometers at 2h. 44m. 45s. 

One Ludwig and one Fick tracing. 

Olservatiom. 

H. M. 8. 

A. 2 48 40. — Pushing chloroform until respiration ceased (vute 

Fick 3). 

B. 2 52 0.— Artificial respiration. 

C. 2 58 35. — Pushing chloroform until death ensued. 

D. 3 1 0.— Thrusting needle into the heart. The depressing effects 

of this operation is seen in the Ludwig trace. 

Post-mortem.— Temperature 99*6 F. 
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November 20th. — No. 142. 

Horse thrown and ^ren chloroform at 3h. 19m. 45 b. very freely,® and 
while struggling chloroform had been stopped about one minute (?) when 
, respiration was noticed to have stopped at 3h. 23m. 30s. Artificial respiration 
commenced at once. No pulse at Sh. 25m. 45 b., and the animal was not 
restored to life. 

November 29th. — ^No. 143. 

(/n the presence of Eis Highness the Nizam.) 

Large goat, weight 70 lbs., given chloroform in a bag while standing at 
3h. 35m. 55s. Thrown down at once. Still bleating at 3h. 37m. 5s. Stopped 
chloroform at 3h. 37m. 50 b., and while he was being carried and put on the 
table respiration stopped at 3h. 38m. Artificial respiration commenced at 
once ; breathing naturally 3h. 38m. 55s. Cornea sensitive. More chloroform 
at 3h. 42m. 25 b. Stopped at 3h. 43m. 2b. Artery ligatured at 3h. 43m. 20s. 
Temperature 102 F. in rectum. Temperature of the room 23jjr Cent. Canula 
inserted at 3h. 46m. 15s. More chloroform at 3h. 47m. 30 b. Connection made 
with the manometers at 3h. 50m. 30s. One Ludwig and one Fick tracing. 

Observations. 

H. M, B, 

A. 3 51 O. —Ordinary chloroform administration. 

B. 3 51 30. — ^Violent struggling (during which the marker was 

pushed over the top of the drum on several occa- 
sions by the violent oscillations in the pressure, and 
the tracings are consequently imperfect). 

C. 3 58 0.<— Pushing chloroform until respiration ceased. 

D. 4 3 50. — ^Artificial respiration, 

E. 4 5 10.— Pushing chloroform until respiration had ceased for 

some time, and failure to restore the animal by 
artificial respiration. 

F. 4 9 30.- -The last ineffective gasps are shown on the Ludwig 

tracing. 

* A pint of chlorafonn wid to hovo bean ponied into tiie noee^ieg. 
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November 29ih. — ^No. 144. 

{In the presence of Hie Highnm the Nieam.) 

Small horse, thrown at 4h, 24m. 15b, Given chloroform in a noBe*bag 
at4h. 26m. 66 b, Struggling until 4h. 28m. 35s. Operation to tie artery 
commenced at 4h. 28m. 55b. Stopped chloroform at 4h, 29m. 36b. More ohloro* 
form at 4h. 30m. 10b. Stopped chloroform at 4h. 31m. 168. Loop under left 
vagus. Ligature left carotid artery at 4h. 31m. 50b. More chloroform at 
4h. 33m. 17b. Stopped chloroform at 4h. 35m. 408. Canula iuBerted at 4h. 36m. 
More chloroform at 4h. 37m. 308, Stopped chloroform at 4h. 39m. One Ludwig 
and one Fick tracing. 

Obsermtiom. 

H. M. s. 

A. 4 44 0. — Ordinary chloroform administration. 

B. 4 47 10. — Irritation of left vagus three times, the Bocond and 

third noticed on Fick readings 2 and 3. 

C. 4 50 30.— 'Pushing chloroform until respiration ceased. 

D. 5 0 0.— Artificial respiration. Pushing chloroform for 9 

minutes with, at the same time, irritation of the left 

vagus for more than 7 minutes. 

The respiration ceased after the irritation was discontinued and the chlo- 
roform was then stopped. Pressure continued to fall and artificial respiration 
failed to restore the animal. The trace ends after 5h. 11m., but artificial 
respiration was continued until 5h. 15m. A needle then thrust into the heart 
did not move. Thorax opened and heart still at 5h. 20m. 

November 29th.— No. 145. 

{In the presence of His Highness the Nizam.) 

Monkey, large-sized female (Macacus). Into chloroform box, one cubic 
foot, at 5h. 33m. 208. Fallen against the side at 5h. 34m. SOs. Fallen and 
taken out of box at 5h. 35m. 27b. More chloroform at 5h. 36m. I 4b. Stopped 
chloroform at 5h, 37 m. 5b. Commenced incisions in the neck 5h. 37m. 43b. 
More chloroform at 5h. 39m. 208. Stopped chloroform 5h. 40m. 58. Divide stomo 
cleido mastoid muscle at 5h. 40m. 278. Loop under left vagus at 5h. 41m. 37b. 
More chloroform at 5h. 42m. 6s. Stopped chloroform at 5h. 42m. 43s« Open 
trachea at 5h. 42m. 47s. Tube inserted into trachea at 5h. 43m. Opening 
chest wall while artificial respiration maintained by means of a Junker bellows. 
Chloroform from time to time a few^ whiffs at 5h. 44m. 15s. Opening the 
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pericardium at 6h. 47m. SOe. Needle into heart at 6h. 48m. SOs. Irritation 
left vagus, coil 6, at 6h. 50m. 36s. Stopped irritation at 5h. 50m. 47s. Irritation 
left vagus at 5h. 51m. 10s. Stopped irritation at 6h. 51m. 27e. Chloroform 
at 5h. 52m. 3s. Irritation of left vagus at 5h. 52m, 378. Stopped irritation at 
6h. 52m. 47 b. Stopped artificial respiration and chloroform 6h. 63m. 228. 
Diaphragm contracting rhythmically. Heart slow and feeble at 5h. 53m. 30s. 
Heart almost stopped. Began artificial respiration again at 5h, 54m. 358. 
Heart more vigorous at 5h. 56m. 27s. Irritation of left vagus not acting made 
him cough, coil 6, at 6h. 66m. Irritation left vagus, coil 6, at 5h. 56m. 35s. acting 
fully. Irritation of left vagus continued at 5h. 56m. 57b. Chloroform at 5h. 
57m. 15s. Stopped irritation at 5h. 57m. 408. Irritation of left vagus again at 
5h. 58m. 23s. Coils run up to zero at 5h. 59m. 20s. The heart stopped at first, 
but is now going again. Stopped irritation at 5h. 69m. 468. Irritation of vagus 
again at 6h, Om, 20s. Run up to zero at 6h. Om. 30s. Stop up outlet for air at 
6h, 2m. 23s, Stop chloroform and artificial respiration at 6h, 2m, 65s. Stop 
irritation at 6h. 3m. 10s. Air let out of the chest at 6h. 3m. 35s. Artificial 
respiration again at 6h, 3m. 55s. Heart hardly beating at 6h. 6m. 15s. Heart 
stopped at 6h. 6m. 30s. 


November 30. — No. 146. 

Dog, weight 35 lbs., tlrat has had three doses of phosphorus, one grain 
each day, on the 25th, 26th, and 27th instant, respectively. [Of twelve dogs 
similarly dosed four have already died.] Into chloroform box at lOh. 27m. 60 b. 
Fallen down at lOli. 32m. 25s. On to the table at lOh. 33m, Ifis. and given 
chloroform from time to time. Left carotid ligatured and canula inserted into it. 
Connection with manometers at lOh, 56m. SSs. Two Ludwig and one Fick 
tracing during administration of ether persistently, with more or less perfect 
exclusion of air, until death resulted. Both sides of the heart distended with 
venous blood. Heart and liver both fatty. 

Observation. 


H. M. s. 

A. 10 50 0. — Ether administered with very little air. This obser' 
vation, especially the Fick readings, shows again 
that ether has precisely the same action as chloro- 
form, but is less intense. 
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November 30th,— No. 147. 

Another pariah to which phosphonis has been given as in the case of 146. 
Is, however, more sickly. Into chloroform box at llh. 32m. 57s. Fallen down 
at llh. 40m. 41s. Placed on the table and kept quiet with chloroform. Cannla 
inserted into artery at llh. 61m. 7s. One Lndwig and one Fick tracing during 
the admimstration of chloroform persistently nntil death resulted. At the com- 
mencement there was a sudden fall of pressure— the result of holding the breath. 

Observation. 

H. M. s. 

A. 11 59 45. — Chloroform. The animal held its breath, the effect 
being well seen in Fick 3. The pressure fell rapidly 
and several deep gasps were taken. The respira- 
tion stopped at 12h. Im. 25s. The heart continued 
beating till 12h. 8m. Os. 

November 30th. — No. 148. 

A thin phosphorus dog of the same batch as 146 and 147. (Has had 
chloroform this morning, but was revived by artificial respiration.) Into 
chloroform box at 2h. 30m. 37s. Fallen down at 2h. 40m., and taken out of 
box. Placed on the table and kept under with chloroform. Artificial respira- 
tion at 2h. 42m. 20s. until 2h. 42m. SOs. Artery ligatured and canula inserted. 
Connections with manometers at 2h. 49m. 50 h. Three Ludwig and four Fick 
tracings showing the efi'ect of (a) giving chloroform on a cap crammed on 
closely over the face so as to partially asphyxiate the animal, compared with 
the gradual fall of pressure that occurs when chloroform is properly adminis- 
tered with air ; (i) giving ether in the same way ; (r) giving ammonia in the 
same way ; {d) holding the dog’s mouth and nose so as to produce asphyxia 

without chloroform or ether, and (e) irritation of the right vagus. The dog was 
eventually killed by making him inhale concentrated chloroform vapour through 
a tube tied into the trachea. 

Observations. 

H. M. s. 

A. 2 50 0.— Chloroform on a cap held close over the face; the 

animal struggled and held its breath. There was a 
rapid and irregular fall of pressure {inde Fick 2). 

B. 2 53 30. — Chloroform in the same way; same effects produced 

{vide Fi^ dX 


u 
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H, M. S. 

C. 3 1 30.— Chloroform in the same way ; same effects produced, 

but to such a marked degree that it was thought a 
clot had collected in the tubes {see Fick 4). Inter- 
ruption. 

D. 3 11 0. — Chloroform as before ; same effects produced (note 

Fick 6). 

F. 3 17 0. —Chloroform with sufficient air to ensure regular breath- 

ing ; there was no struggling or holding of the 
breath, and no irregularity of the blood-pressure or 
circulation. Fick 7 is worthy of notice, though it 
records the pulse as the animal was almost coming 
round. 

G. 3 21 10. — Chloroform with insufficient air ; same effects as at A, 

B, & C ; shown very markedly in Fick 8, 

H. 3 35 0. — Inhalation of ammonia. 

I. 3 36 45. — Chloroform again with plenty of air. There was 

slight struggling at first and slight corresponding 
irregularity in the fall of blood-pressure. Fick 12, 
taken when the pressure was getting very low, shows 
beautifully the regularity of the pressure and pulse 
tracing when the breathing is regular, and ought 
to be contrasted and compared with Fick 2, 3, 4, 
6, 8, and 11. 

J. 3 47 50. — Ether on cap held close over the face ; struggling 

and holding the breath. Fick 14 and 15 show 
effects on the pressure and pulse, similar to those 
produced when chloroform is given in the same way. 
Compare Fick 14, 15, and 16 with Fick 7, 8, and 9. 

K. 3 54 20. — Simple asphyxia showing rapid fall of pressure and 

irregular pulse {vide Fick 17). 

L. 4 1 25. — Chloroform again with plenty of air. Breathing 

slightly irregular from groaning ; there is a corre- 
sponding slight irregularity in the tracing. 

M. 4 15 15. — Electrical irritation of right vagus : coil 10. 

N. 4 16 40. — Chloroform again with sufficient air to ensure regular 

breathing. This observation was interrupted by 
clotting in the tubes. 
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H. M. 8. 

O. 4 20 0.— Eleotrioal imtati(n of right Tagua : coil 10. 

P. 4 31 0. — (An open tube had been placed in trachea in the 

interval) Chlorofonn on cap over the month of 
the tube. Effect kept up by artificial respiration 
till death ; heart stopped at 4h. 41m. Os. 

Q. 4 42 0. — Artery cut ; pressure fell to zero. 

If the Pick tracings of Experiment No. 148 be com- 
pared vnth the photographic reproduction of tracings 
A and C of the Glasgow Committee, it will be seen 
that they are identical, and that the slow action of the 
heart, with great fall of pressure, which the Glasgow 
Committee attributed to some capricious action of 
chloroform upon the heart, was undoubtedly duo to 
stimulation of the vagus from asphyxia. The 
tracings of the Glasgow Committee’s experiments 
show nothing more than that chloroform lowers the 
blood-pressure, and that sometimes under chloroform 
the fall of pressure is sudden and irregular. When 
once it is proved, as it is by the exjieriments of the 
Hyderabad Commission, that there is no danger 
in either sudden or gradual falls of the blood-pres- 
sure, unless the heart is weakened by interference 
with its nutrition, the whole of the Glasgow Com- 
mittee’s contention, with regard to the danger of 
chloroform to the heart and the necessity for feeling 
the pulse during its administration, falls to the 
ground. 

December 2nd, — No. 141). 

Monkey of fair size. Temperature of the room 19 cent Into cMoroform 
box at 8h. 20m. 50s. Fallen down at 8h. 24m. 408. Placed on the table at 
8h. 25m. 40e. and kept quiet with chloroform. Left carotid ligatured and 
cantUa inserted into it. Right carotid looped. Trachea opened, and a glass 
tube connected with the India-rubber pump of the Junker apparatus and pro- 
vided with an exit tube tied into it for artificial respiration. Connection with 
the manometers shortly before 8h. 54m. 

One Ludwig and one Fick tracing. 
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H. M. s. Ohmvabum. 

A. 8 65 30~Ligatare of the right carotid. 

B. 8 55 40 — Straggling. 

C. 8 57 30 — Chloroform administration on a sponge held in front 

of the tracheal tube. 

D. 9 0 40 — Chloroform administration by letting the animal 

breathe through the Junker wttle without the 
India-rubber bellows attachment, and pushing 
chloroform in this way until respiration stopped. 

E. 9 4 0 — ^Artificial respiration in the ordinary way by compress- 

ing the chest. 

F. 9 9 0 — After recovery, artificial respiration continuously by 

means of the India-rubber bellows of the Junker 
apparatus attached to the tracheal tube, while 
measures were being taken to separate the head 
from the body. 

G. 9 10 20 — Slight haemorrhage from a large artery. 

H. 9 18 0 — Slight haemorrhage from the jugular vein. 

I. 9 22 30 — Pumping chloroform vapour through the J unker appa- 

ratus into the trachea until respiration ceased. 

After the tracing ended, the head was severed, and the animal gave a few 
diaphragmatic gasps, but eventually died, the heart stopping finally at 9h. 35m. 

December 2nd. — No, 150. 

FuU'-sjzed pariah. Weight 30J lbs. Into chloroform box at llh. 10m. 55s. 
Fallen down at llh. 21m. 50b. Placed on the table at llh. 23m. 45b. and 
kept quiet with chloroform. Loop under both vagi and canola inserted into 
left; carotid in the usual way. Connection made with the manometer at 
llh. 41m. 15s. Three Ludwig and two Fick tracings (the 1st Fick reading 
is incorporated with the Fick of 149). 

H. M. s. Observations, 

A. 11 42 50 — Smothering by holding the mouth and nose tightly 

closed. The effect of this is shown in Fick 2. The 
pulse fell from 116 before the smothering to 38 after. 

B. 11 45 0 — iGradual chloroform administration with plenty of 

, air in the ordinary way. 
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H. M. 8. 

C. 11 48 30— Smothering again while the animal was wellimder 

chloroform. 

D. 11 50 20 — Smothering again when ifc was jnst about to come 

out of chloroform. 

£. 11 53 45— Giving chloroform again for a short time and then at 
llh. 55m. 158. smothering the animal, during which 
proceeding respiratory movements completely ceased, 
and though a spontaneous attempt was made to 
breathe artificial respiration became necessary. 

F. 12 4 5 — Giving chloroform again with lots of air, and as soon 

as the animal’s cornea was insensitive, smother- 
ing it. 

G. 12 9 30 — Giving chloroform with the cap crammed on to the 

muzzle so as to admit very little air, and pushing it 
until respiration ceased. Artificial respiration at 
12h. 11m. 30s. 

H. 12 17 35 — Smothering again (vide Fick 7 and 8). These obser- 

vations were accompanied by very violent strwjyling^ 
and the smothering was consequently inoifectivo. 

I. 12 23 15 — Smothering again. The pressure fell 20mm. The 

effect of simple smothering in lowering the blood- 
pressure and slowing the pulse is well shown in tho 
Ludwig tracing and in Fick 10 ; compare with Fick 2. 

J. 12 37 30 — Division of both vagi. 

K. 12 38 20 Giving a little chloroform at times to keep tho animal 

under. 

L. 12 40 20— Smothering again. Fick 13 and 14 show that 

smothering after division of the vagi did not causo 
any slowing of the pulse as it did when tho vagi 
were intact. 

M. 12 48 0. — ^Inhalation of Amyl nitrite, of which, however, the 

quality was very doubtful. 

N. 12 51 30. Chloroform was then pushed until respiration ceased, 

and the animal died in spite of artificial respiration. 

Before the last observation the animal’s temperature had fallen below 95 F. 
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Deoembar 2nd.— No. 151. 

Temperature of the room 23j|^ Cent. Fair>Bized pariah, very thin, and 
rounded. Weight 23 lbs. Into chbroform box at 3h. 14m. 3b. Fallen -down 
,t 3h. 20m. 5b. -Placed on the table at 3h. 20m. 30s. Loop under both vagi 
’emperature in the rectum at 3h. 26m. 101 F. Artery ligatured at 3h. 26m. 47s. 
)anula inserted at 3h. 27m. 55s. Connection with manometer at 3h. 44m. 30s. 
Vo Ludwig and one Fick tracing. 


A. 


OhservaMom. 

H. M. «. 

3 46 20 — Ordinary chloroform administration at various times. 


B. 3 50 30 — Smothering by holding the mouth and nose. The 

blood-pressure fell 25mm. and the pulse dropped 
from 72 to 31 per minute. 

C. 3 55 0 — Gutting both vagi. 

D. 3 58 25 — Smothering again. The effect of smothering, now that 

the vagi aire cut, is to cause an inappreciable fall of 
blood-pressure, and acceleration of the pulse to 105 
per minute; compare Fick 2 and 10 of Experiment 
150, and Fick 3 of 151, with Fick 5 and 6 of 151. 
The difference in the effects of smothering before and 
after division of the vagi is obviously due to the 
section of the nerves. 


E. 4 1 40 — Artificial respirjition. 

F. 4 3 30 — Pushing chloroform until respiration ceased. 

G. 4 8 10 — Inhalation of Amyl nitrite of somewhat better quality 

than in the last experiment. 

H. 4 16 50 — Chloroform again with struggling and eventual death 

in spite of artificial respiration. Temperature in 
the rectum at death 96 F. 


December 3rd. — No. 152. 

Rabbit, weight 3| lbs. Temperature of the room 19 Cent. Chloroform 
t 7h. 52m. in a cubic foot box. Fallen down at 7h. 59m. 15s. Taken out of 
ox at 7h. 59m. 45s. and kept quiet with chloroform. Canula inserted into left 
axotid. Connection with manometer a little before 8h. 35m. One Ludwig 
awing and two Fick readings on the same tracing as 154, Chloroform 
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was first given gradually and then pushed by pressing the cap closely upon 
the animal’s nose and month. The effect of this latter proceeding is not 
shown in the tracing, owing to the artery becoming "hopelessly drawn out of 
its sheath and twisted. Bespiration ceased at about 8h. 52m. 30s. and the 
heart was still beating when the observation ceased at 9h. 

December 3rd. — No. 153. 

Rabbit, weight 3| lbs. Temperature of the room 19‘7 Cent. Into 
chloroform box at 9h. 45m. 408. Fallen down at 9h. 52m. 40s. Taken out at 
once, but not being properly under, was put in again. The box was afterwards 
opened from time to time, but the animal was never fully insensitive. Convul- 
sions began at lOh. 9m. 55s., and it was then taken out of box, and as it was 
not under, it was given more chloroform on a cap at once. It stopped breath- 
ing and artificial respiration was begun at lOh. 11m. 40s. Heart was still beat- 
ing very rapidly, but efficiently when the thorax was opened at lOh. 14m. 458. 
Auricle only beating at lOli. 52m. SOs. Auricle still boating regularly, though 
slowly, at llh. 49m. Auricle still beating, but more feebly, at 12h. 7m. A 
portion of the auricle was still beating slowly at Ih. 2m., although all the 
organs had begun to shrivel up by drying. 

December 3rd. — No. 154. 

Temperature of the room 20.^ Cent. Monkey, fair-sized, but thin and 
wounded, weight lbs. Into chloroform box at lOh. 44m. Fallen against 

the side at lOh. 51m. los., but still winking. Came out completely at lOh. 53m. 
308., and more chloroform was put into the box. Taken out of the box at lOh. 
55m. 50e. and placed on the table and kept quiet with chloroform, while an 
operation to expose the spinal cord was performed. Temperature 102’8 F. 
in the rectum at llh, 3m. Spinal cord exposed opposite the 5th cervical 
vertebra at llh. 8m. Left cai'otid ligatured at llh. 14m. 20s. Canula inserted 
at llh. 15m. 43s. One Ludwig tracing and a part of one Fick (incorporated 
with 152). 

Ohservatiom. 

JI. M. 8. 

A. 11 20 45 — Ordinary chloroform administration. 

B. 11 26 0 — Chloroform by Junker’s inhaler attached to the 

tracheal tube. 

C. 11 27 15 — Artificial respiration by the Junker bellows attached 

to the tracheal tube. 


11 30 30 — Severance of the spinal cord at about the fifth cervi- 
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H. M. S. 

E. 11 33 0 — Chloroform again by Junker continued until the heart 
almoat ceased beating. 

December 3rd. — No. 165. 

Fair-sized monkey, weight 9| lbs. Temperature of the room 23 Cent. 
Into chloroform box at 2h, 31m. 28s. Fallen down at 2h. 40m. Placed on the 
table and kept quiet with chloroform while the spinal cord was being exposed, 
during which proceeding there was a loss of about 1 oz. of blood. Tempera- 
ture in the rectum 102 F. at 2h. 45m. Artery ligatured 2h. 51m. 45s. Canula 
inserted at 2h. 66m. 30s. Trachea opened and tube inserted at 2h. 57m. 50s. 
Connection made with manometer at 3h. 2m. A little chloroform was accident- 
ally thrown into the trachea by the Junker apparatus and death resulted in 
spite of artificial, respiration. 

December 3rd. — No. 156. 

Weight 27| lbs. A large pariah that has had two grains of phosphorus this 
morning. Into chloroform box at 3h. 26m. 30s. Fallen down at 3h. 39m. 36s. 
and placed on the board at 3h. 40m. 10s. Artery ligatured at 3h. 46m. 50s., 
and canula inserted at 3h. 48m. Loop under both vagi. Connection made 
with manometer at 3h. 51m. 7 s. One Ludwig and two Fick tracings. 

n. M. s. Ohsewattons. 

A. 3 66 40 — ^Administration of chloroform with a cap closely ap- 

plied to the muzzle (Fick 2 shows the extreme in- 
hibition of the heart’s action probably owing to 
vagus atimulation from interference with the res- 
piration). 

B. 4 0 5 — Gradual administration of chloroform with plenty of air. 

C. 4 3 65 — Simple smothering without chloroform by holding 

the mouth and nose (compare Fick reading 5 with 
Fick reading 2). These readings are identical (1) 
with each other ; (2) with Fick readings 4 and 9 of 
Experiment 117, which are tracings of simple vagus 
irritation ; (3) with Fick Reading 11 of Experiment 
64, which is a tracing of vagus irritation and 
chloroform administration combined ; (4) with Fick 
Reading 13 of Experiment 178, which records the 
arrest of the Jieart, after stoppage of the respiration 
by chloroform poisoning ; and (5) with thd Glaisgow 
tracings A and C, more espeoially 0. 
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H. M. S. 

D. 4 7 0. — ^Division of both vagi. 

£. 4 10 35. — Simple smothering again ^compare the extremely 

rapid pulse in Fick 7, with the slow pulse of Fiok 5 
before the vagi were divided). 

F, 4 14 50. — Chloroform again with the cap closely applied while 

the pulse was still extremely rapid (compare 
No. 151). The pressure fell rapidly, and after the 
chloroform was stopped the animal gave two or 
three convulsive gasps in rapid succession which 
had no effect on the pressure. 

G. 4 16 20. — Artificial respiration failed to restore the animal and 

the heart stopped beating about six minutes after 
the last gasp. Temperature 101 ‘4 F. Thorax opened 
at 4h. 23m. Heart quite still, but irritable. 
December 4th. — No. 157. 

A large pariah, weight 38 lbs., that had three grains of phosphorus 
yesterday — one in the morning and two in the evening. Temperature of the 
room 18j^ Cent. Into chloroform box at 7h, 58ra. SOs. Fallon down at 8h. 4m. 
59s. Left carotid ligatured and canula inserted. Temperature 100'6 F. in the 
rectum. Both vagi looped. Connection with manometer at 8h. 26m. 40s. Two 
Ludwig and two Fick tracings. 

Observations. 

H. M. B. 

A. 8 27 0. — Ordinary chloroform administration. 

B. 8 28 15. — A remarkable fall of pressure and slowing of the pulse 

{vide Fick 2) that occurred after the chloroform had 
been stopped. The apparatus for holding the dog’s 
muzzle was being removed at the time, but no 
exact cause could be assigned for the fall of pres- 
sure (which resembles that produced by asphyxia 
in other phosphorus dogs), except that the animal 
was holding its breath. After about a minute the 
pressure and pulse were restored to their previous 
condition without artificial respiration or other 
interference. 

C. 8 35 0.— Snipping of the margin of the anus (Fiok 3). 

16 t- 
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H. M. B. 

B. 8 38 40. — Chloroform with the cap closely applied to fhe mnzzle 
(vide Fick 4). 

E. 8 42 45.— Chloroform again (the animal straggling and holding 

« breath) ; pushed until respiration had stopped. 

F. 8 44 0. — Artificial respiration. 

G. 8 45 0. — Division of both vagi. 

H. 8 48 20. — Chloroform very gently with lots of air until respira- 

tion had almost stopped. 

I. 8 67 20. — Chloroform again pushed until the respiration ceased 

entirely. 

J. 8.59 0. — Artificial respiration for broken periods. Atone time 

the artificial respiration appeared to have the effect 
of preventing the natural rise of pressure (vide the 
Ludwig tracing just after Fick reading 9). The 
animal now entered into a completely anomalous 
condition in which he gasped slowly and irregularly 
and the pressure rose and fell in the most rapid 
manner without any apparent reason. 

K. 9 10 40. —Irritation of the peripheral end of the right vagus, at 

first with the coils distant 15, and afterwards 10 
centimetres, the latter proving effective. 

L. 9 13 50. — Pushing chloroform until death resulted (the tracing 

was interrupted by clots in the tubes which were 
only cleared just before death). 

December 4th. — No. 158. 

Largo pariah, weight 87 lbs,, that had three grains of phosphorus 
yesterday like 157. Into chloroform box at lOh. 23m. 20s. Fallen down and 
at once placed on the table at lOh. 28m, 45 b. Kept quiet with chloroform from 
time to time. Temperature 101 F. Breathing very feeble and slow at 
lOh,. 31m. 30s. and artificial respiration performed now and again until lOh. 46m. 
Artery ligatured at lOh. 38m. and canula inserted. Connection with the mano- 
meters at lOh. 47m. Two Ludwig and one Fick tracing. 

H. M. s. Observations. 

ki 10 51 55.— Ordinary chloroform administration, straggling and 
holding the breath. 

B. 11 4 0.— Pushing chloroform until respiration stopped. 
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H. M. 8. 

0. 11 8 10. — Injection -of liquor atropinoe 10 minimfl into the peri- 

tonenm. 

D. 11 12 5.— Irritation of the right vague to test the effect of atropine. 

E. 11 13 30. — Injection of 26 minims more liqnor atropinoe into peri- 

toneum. 

F. 11 16 30. — Irritation of the right vagus'again, with now a distinct 

rise of pressure. The vagi are paralysed by the 
atropine. 

G. 11 21 0. — Pushing chloroform gently, but not without some 

struggling and holding the breath. 

H. 11 29 0. — Smothering by holding nose and mouth (vfrfe Fick 4, 

in which the pulse is alternately slow and quick 
according to the phase of respiration, but distinct 
vagus irritation is absent, and compare with Fick 2 
and 5 of 156). 

1. 11 31 0. — Pushing chloroform until respiration ceased ; artificial 

respiration failed to restore the animal. 

December 4th. — No. 159. 

Temperature of the room 23’5 Cent. Dog, weight 35 lbs,, that has had 
phosphorus (one grain yesterday, one to-day). Into chloroform box at 
3h. 3m. 45s. Fallen down at 3h. 8m. 8s, and placed on the table at once and 
given chloroform from time to time to keep it quiet. Breathing stopped and 
artificial respiration performed at 3h. 14m. 358. and continued for a few 
seconds. Temperature in rectum 101‘9 F. Canula inserted into the artery 
at 3h. 17m. 10s. Connection with manometer at 3h. 19m. 8s. The animal 
was fully sensitive and chloroform was given almost immediately. Violent 
struggling with the breath held ensued and afterwards deep inspirations and 
howling, during which he must have inhaled chloroform very freely. Chloro- 
form was stopped after one minute and respiration ceased after about three- 
quarters of a minute more. Artificial respiration was at once commenced, and 
after about 3| minutes there were a few feeble gasping respiratory movements, 
which did not, however, raise the mean blood-pressure at all. Artificial respira- 
tion was continued for five minutes longer, but failed to restore the animal, 
the heart ceasing to beat about ten minutes after the chloroform was commenoecU 
The liver was distinctly fatty, and the heart appeared to bo soft and flabby. 
One Ludwig tracing only. 
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December 4th.— No. 160. 

Pariah dog, weight 24 lbs., has had two grains of phosphoms as in 159. 
Into chloroform box at 8h. 38m. 24s. Fallen down at 3h. 49m. 20s. Placed 
'On the table at once. Oannla inserted into the left carotid at 3h. 55m. 45s. 
Connection with manometer at 8h. 59m. 30s. One Lndwig tracing only. 
Chloroform was given at first very gently with plenty of air until the animal 
was fully under. The animal’s head was then placed in a bladder which 
communicated with an apparatus (described in Appendix) for generating 
carbonic acid and the inhalation of this gas commenced. Blood-pressure fell 
slowly at first, but afterwards more rapidly. After 3 J minutes the respiration 
stopped, and the bladder was at once taken off the dog’s head and air freely 
admitted while artificial respiration was commenced. Gasping respira- 
tory movements occurred after about a minute, but had little or no effect 
upon the blood-pressure, and ceased finally after another minute. Artificial 
respiration was resumed, but without avail. The liver was not apparently 
fatty. 

December 6th. — ^No. 161. 

Temperature of the room 20 Cent. Large pariah, weight 26 lbs., that has 
had three grains of phosphorus in one-grain daily doses, but is not particularly 
sick, though out of a batch of seven, of which he is one, who were dosed with 
phosphorus in the same way, three died in the course of the day. Into chloroform 
box at lOh. 11m. 20s. More chloroform into the box at lOh, 17m. 40s. Fallen 
down at lOh. 22m. 40s. Placed on the table at lOh. 23m. 25s. Slight convul- 
sions at lOh. 25m., after which the breath was held for about half a minute and 
artificial respiration was employed for a few seconds. More chloroform at lOh. 
25m. 55s. as the animal was sensitive and groaning. Temperature in the rec- 
tum 100‘4 F. Chloroform stopped again at lOh. 27m. 508. More chloroform 
at lOh. 29m. 25s. Artery ligatured at lOh. 30m. Stop chloroform again at lOh. 
30m. lOs. Canula inserted at lOh. 31m. 52s. More chloroform at lOh. 33m. 
50s. until lOh. 34m. 30 b. More chloroform again at lOh. 34m. 40s. Stop chlo- 
roform at lOh. 35m. 20s. Connection made with manometer at lOh. 36m. 30s, 
Three Ludwig and two Fick tracings. 

H. M, s. Observations. 

A. 10 39 25. — ^Administration of alcohol by Junker’s inhaler, the 
tube introduced into the nostril (the pressure in 
this animal fell in a marked way whenever he 
struggled). 
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H. H. 8. 

B. 10 45 0.— Alcohol contintied, but close fitting iuhaler used in 

place of the tube in the nostril. 

C. 10 51 30. — Chloroform administration with struggling. 

D. 10 59 10. — ^Inhalation of carbonic acid, and chloroform at the 

same time (vide especially Fick reading 3). 

£. 11 9 4. — Carbonic acid inhalation again (after giving fresh air)^ 

and for a short time chloroform as well (vide Fick 6). 

F. 11 24 0. — Carbonic acid inhalation again with more careful 

exclusion of air. After the Carbonic acid was stopped 
he breathed spontaneously for a short time, but arti- 
ficial respiration then became necessary at intervals. 

G, 11 48 0. — Lastly, smothering by bandaging mouth and nose 

with an elastic band until he died. 

December 6th. — No. 162. 

Weight 9 lbs. Monkey that had half a grain of morphine at 12 o’clock 
hypodermically. Into chloroform box at 2h. 25m. 5s. Fallon down at 2h. 32ra. 
15s. and at once placed on the board. Artery ligatured and canula inserted as 
usual. Connection with manometer at 2h. 50m. 158. Two Ludwig and one 
Fick tracing during repeated administrations of chloroform until respiration 
ceased, with an increasing interval on each occasion before commencing artifi- 
cial respiration until at last it failed to restore life. 

Ohservations, 

II. M. 8. 

A. 3 52 55, — Gentle chloroform administration with plenty of air. 

At first there were irregularities in the respiration, 
sneezing for example, and the trace is slightly 
irregular. The respiration then became regular, 
and the fall of pressure was perfectly regular 
until cessation of the respiration at 2h. 58m. Os. 
Artificial respiration was commenced at 2h. 58m. 30s. 
and stopped at 2h, 59m. 20s. The animal then 
went into a profound sleep until 3h. 10m. 35s., when 
more chloroform was given. 
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H, M. B. 

B. 3 14 30.— More diloroform. The respiration stopped at 3h. 16m. 

Os. Artificial respiration was commenced at 3h. 16m. 
40s., and the animal was fully restored at 3h. 23m. 
Os. The artificial respiration was stopped &om 
3h. 18m. 35s. to 3h. 19m. Os., when Fick 6 was 
taken. There is barely any pulse tracing to be seen 
in Fick reading 6, but the heart was not weakened 
and the animal was revived completely by continued 
artificial respiration. 

C. 3 27 5. — Chloroform more freely than before. Respiration stop- 

ped at 3h. 28m. Os. and artificial respiration was 
commenced at 3h. 29m. 15s. Fick 9 was taken at 
3h. 28m. 55s. and shows entire absence of pulse 
tracing, and yet, as in Fick 6, the heart was not 
weakened, and the animal was again rapidly restored 
by artificial respiration. 

D. 3 38 40. — Repetition of Band C. This time the animal at first strug- 

gled and held its breath, and there was consequent 
irregularity of the circulation (vide the Ludwig tracing 
and Fick 11). The respiration stopped at 3h. 39m. 
408., and Fick 12 shows complete absence of pulse 
tracing again. Artificial respiration was commenced 
at 3h. 41m. SOs. and the animal was easily restored. 

E. 3 48 10. — Chloroform pushed till death ; the respiration stopped 

at 3h. 52m. Os. and the heart stopped at 3h. 57m. 
SOs. 

Experiment 162 shows that absence of the pulse tracing, which was 
observed every time the respiratory centre was paralysed, is no proof whatever* 
that the heart has ceased to act, or, though it has ceased to act temporarily, 
that it has failed. It is remarkable that when the heart stopped (vide Fick 6, 9 
and 12 and the Ludwig tracing on either side of these readings) there was no 
further fall of blood-pressure, showing that at the time of cessation the pressure 
was already as low as it could be. If direct weakening of the heart were the cause 
of the fall of blood-pressure in chloroform administration, we ought to find the 
heart-beats getting smaller and smaller up to the time when the pressure 
leaohes its lowest^ and gradually growing bigger and bigger again on the other 
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side as the effect of the chloroform wears off Instead of this, Experiment 162 
shows that there were ample pnlsations on both sides of the iemporary 
pauses. If Fick 9, with the Ludwig tracing on either side, is carefully studied, 
it will be seen that up to the time the heart beats ceased, the pulsations recorded 
in the Ludwig were ample and strong. There was then a temporary arrest of 
pulsation for 6 seconds (vMe Fick 9). Immediately after Fick 9 the pulsation 
returned for 5 seconds {vide the Ludwig between 8h. 28m. Os. and 3h. 29m. Os.) 
Afterwards there was a long pause of 20 seconds without any pulsations 
at all. This pause was so marked that Dr. Bomford thought a clot had formed 
in the tube, and at 3h. 29m. 10s. he wrote on the Ludwig tracing “ ? clot.” 
Artificial respiration was just about to be commenced when the animal gave two 
spontaneous gasps, vigorous pulsations followed and the pressure was raised in 
five seconds to the height it was at before chloroform was administered in 
Observation C. 

December 7th. — No. 163. 

Temperature of the room 23 Cent. Medium-sized pariah, weight 25J lbs. 
that has had three grains of phosphorus, one daily on tho 3rd, 4th, and 5th 
instant. Is now very feeble and can hardly stand. Tied on to tho dog-board 
at lOh. 44m. 15s. Given chloroform on tho ordinary cap at lOh. 44m. 45 b. 
Operation to tie carotid commenced at lOh. 45m. 30s. Chloroform stopped at 
lOh. 46m. 45s. Canula inserted into carotid at lOh. 50m. 15s. Temperature in 
rectum 94‘6 F. Connection made with manometer at lOh. 55m. One Ludwig 
and one Fick tracing during very gradual administration of chloroform, the 
animal’s head being inserted through an opening in tho side of a largo box 
(8 feet cubic contents) and carefully packed with wot cloths after one ounce of 
chloroform had been introduced into tho box on blotting paper. Post-mortem 
temperature 94 8 F. 

December 7th.— No. 164. 

Temperature of the room 23 Cent. Another phosphorus dog of the same 
batch, but does not appear to be particularly ill. Weight 29 lbs. Tied down 
on the board and given chloroform on a cap at llh. 27m. 408. Chloroform 
stopped at llh. 29m. 68. More chloroform at llh. 30m. 45s, Stopped again 
at llh. 31m. 6s. Both pupils dilated. Artery ligatured at llh. 31m. 46 b. 
Temperature in the vagina 102 F. Canula inserted at llh. 34m. 6 b. Mofe 
chloroform at llh. 36m. lOs. Connection made with manometer at llh. 39m. 
lOs. Two Ludwig and one Fick t|»cing. 





H. If. s, Ohservatum. 

A. 11 39 0. — Rapid cUorofom administration while struggling and 

holding breath. Great irregularity is observed in 
the Ludwig tracing. 

B. 11 41 0. — Gentle administration of chloroform in the ordinary 

way so as not to excite straggles. The contrast to 
Observation A is very marked. 

0. 11 44 0. — Very gradual administration with the large box as in 

163. 

D. 11 52 40. — Snipping the skin of the thigh. 

E. 11 53 50. — Excision of one of the nipples. 

F. 11 55 10. — Evulsion of nails. 

After these at 12h. 2m. Os. the box was opened and the air freshened by 
means of a bellows and then closed again after another ounce of chloroform had 
been introduced. This was continued until the animal died. The respiration 
ceased at 12h. 12m. Os., and the heart stopped at 12h. 18m. 30s. Post-mortem-— 
Temperature 101 F. Liver very friable, but very congested and of a dark 
colour. Heart distended. 

December 7th. — No. 165. 

Monkey, weight 9 lbs., to whom one drachm of tincture of cantharides was 
given by the stomach yesterday evening and another this morning, and it does 
not appear to be ill at all. Placed on the board and given chloroform at 2h. 
41m. 40s. Chloroform stopped at 2h. 45m. 30s. Chloroform again at 2h. 47m. 
5s. for a short time. Again at 2h. 49m. Artery ligatured at 2h. 52m. 5s. and 
more chloroform at 2h. 52m. 30s. Stopped again at 2h. 53m. 10s. No urine 
in the bladder. Loop under the internal jugular vein. Canula inserted at 2h. 
56m. A little chloroform again at 2h. 57m. 5s. One Ludwig tracing and one 
Fick reading on the same tracing as 167. Chloroform was given very freely 
on a cap closely applied while the animal was straggling. He then alternately 
held his breath and gave deep gasps while the pressure fell rapidly. Respira- 
tion stopped. Chloroform was discontinued and artificial respiration was 
performed. He afterwards breathed in a feeble snorting way for a short time 
and then stopped finally. Artificial respiration was again performed for 
several minutes, but without effect, the heart gradually ceasing. The blad- 
der was empty and the kidneys congested. The mesentery was very much 
congested. 



December 7th. — ^No. 166. 

Unusually lar^ pariah dog, weight 39 lbs. (unpoisoned, but old and tooth* 
less). Placed on the table struggling violently and given chloroform at 3h. 
27m. 10s, Chloroform stopped at 3h, 28m. 50s. Struggling again and given 
more chloroform from 3h. 31m. 30s. to 3h. 33m, 10s. Artery ligatured at 3h. 
33m. Noticed to have stopped breathing at 3h. 34m. 5s. and artificial respiration 
was performed until 3h. 39m. A needle thrust into his heart at that time did 
not beat. Lungs pigmented and bloodless. Mitral valve almost cartilaginous 
on its free margin. This dog’s death was the result of inattention on the part 
of the attendants, who were seeing how quickly they could tie the artery and 
were not watching the respiration. 

December 7 th. — No. 167. 

Pariah, weight 382 lbs. (unpoisoned and healthy). Into chloroform box at 
3h. 50m, 50s. Fallen down at 3h. 54m, SOs. and placed on the board at once. 
More chloroform at 3h. 55m, 45s, Stopped at 3h. 57m. More chlorofomi at 3h. 
58m. Artery ligatured at 4h. 50s. Chlorofonn stopped at 41i. Im. 158. Artery 
ligatured and canula inserted. More chloroform at 4h, 3m, 35s. Stopped at 4h. 
6m. 38. Connection made with the manometer at 4h. 5m, 208. One Ludwig 
and one Fick tracing (which includes the solitary reading of 165). After a 
little chloroform had been given 5mra. of nicotine were injected into the peri- 
toneum, Shortly afterwards the pressure began to fluctuate violently and the 
dog to gape as if he were about to vomit. Fick reading 2 was then taken and 
immediately afterwards the pressure rose steadily and with slight oscillations to 
above 250 mm. and landed the marker on the top of the drum. There was no 
apjwent cause for this rise and no spasm was noticed; but in the confusion it may 
have been overlooked. The pressure soon fell again to about 180mm. Chloroform 
was discontinued and respiration ceased for rather more than a minute. After 
another two minutes the pressure began to fall rapidly, and the administration 
of chloroform, which was continued for about half a minute, seemed to hasten 
this fall. The breathing soon after ceased and the animal died. Convulsive 
twitchings of the jaw, ears, and forepaws continued until after 4h. 30m. The 
movements continued for more than ten minutes after death, and wore sufficiently 
forcible to jerk the handles of a pair of pressure forceps fixed on the end of the 
tongue off the table at each spasm. 

December 9th. — No. 168. 

Monkey, weight 921bs., placed in the chloroform box at lOh. 19m. 448. 
Fallen down at lOh. 28m. 428. and at once placed on the table and ^kept quiet 

17 
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with ohlorofbnn. Artery ligatured at lOh. 36m. 47b. Canula inserted at lOh. 
38m. 65s. Connection with the manometer at lOh. 42m. 458. 

One Ludwig tracing and part of one Fick (incorporated with 169 and 170), 
i Ohaervations. 

H. M. s. 

A. 10 44 5. — Ordinary chloroform administration. No struggling ; 

tracing regular. 

B. 10 46 0.— Chloroform administration. Struggling and holding 

the breath ; very irregular breathing continued with 
corresponding irregularity of the circulation until 
lOh. 53m. 30s. 

C. 10 50 0. — Continued gentle administration of chloroform with 

plenty of air until death. The respiration stopped 
at lOh. 59m. 30s. and the heart at llh. 3m. Os. Post- 
mortem — Temperature lOO'S F. 

December 9th, — No. 169. 

Dog, 37| lbs. Given chloroform at llh. 12m. 30 b. Fallen down at llh. 15m. 
55s. Placed on the table at llh. 16m. lOs. More chloroform given llh. 17m. 
47s, Stopped at llh, 18m. 25s. More chloroform at llh. 19m, 5s, Artery liga- 
tured at llh. 19m. 55s, Stopped chloroform at llh. 21m. 5s. Canula inserted at 
1 Ih. 21m. 21s. More chloroform at llh. 22m. 35 b. Stopped chloroform at llh. 23m. 
10s. Connection with manometer at llh. 24m. 25 b. One Ludwig and part of a 
Fick tracing during continued gentle administration of chloroform until death. 

H. M. s. 

A. 11 27 5. — Chloroform gently. 

11 30 55. — Respiration stopped. 

11 34 45. — Heart stopped. 

December 9th. — No, 170. 

Weight 104 lbs. Monkey that has had a drachm of tincture of cantharides 
yesterday and the day before. Into chloroform box at llh. 47m. 43s. Taken 
out and placed on the table at 12h. 5m. and kept quiet with chloroform from 
time to time. Artery ligatured at 12h. 9m. 20s. Canula inserted at 12h. 10m. 
36s. Connection with the manometer at 12h. 13m. 10s. One Ludwig and 
a part of a Fick during gentle ad m inistration of chloroform until death 



isi 


ensued. Post-mortem — Temperature 104 F. Bladder quite empty. No visible 
congestion of the kidneys. 

H. M. s. 

A. 12 13 30. — Chloroform gently. 

12 19 40. — Respiration stopped. 

12 25 0. — Heart stopped. 

December 9th. — ^No. 171. 

Rabbit. Weight 3 lbs. Placed on the rabbit-board at 2h. 43m. SOs. Given 
chloroform at 2h. 45m. and from time to time to keep it quiet. Artery ligatured 
at 2h. 54m. (very small). Canula inserted at 3h. Connection with the mano- 
meter at 3h. 5m. Part of one Ludwig tracing and of one Pick (incorporated 
with the tracings of 172). 

Ohsermtions. 

II. M. s. 

A. 8 3 0. — V^iolent struggling. 

B. 3 8 40. — Chloroform administration pushed until tho respiration 

ceased. 

C. 3 10 10. — Artificial respiration ; tho artery was then accidentally 

torn and the tracing concluded, as it did not seem as 
if the animal was coming round. The heart con- 
tinued to boat until 3h. 17m. 

December 9th. — No. 172. 

Another rabbit. Weight 3^; lbs. Tied on tho rabbit-board and given chloro- 
form at 3h. 21m. 238. Artery ligatured at 3h. 26m. SOs. Canula inserted at 
3h. 29m. 10s. Connection with the manometer at 3h, 37m. One Ludwig trac- 
ing, and one Fick (incorporated with 171). 

II. M. 8. Observations. 

A. 3 38 15. — Gentle chloroform administration on a sponge before 

the nose : struggling. 

B. 3 43 15. — Chloroform again while struggling and holding the 

breath. (The pressure rose every time the animal 
held its breath.) Violent struggling. 

C. 3 45 30.— Chloroform on a cap closely applied to the face with 

more struggling and holding of the breath. 
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. H. M, 8, 

D. 3 48 10. — Chloroform on a cap very gently wittout exciting 
struggles, and pushed until respiration stopped, am 
the heart was very feeble. A kink in the tube stop 
ped the tracing. The heart continued to beat unti 
4h. 9m. 

It is excessively difficult to administer chloroform to rabbits withou 
exciting struggling or making them hold their breath. 

December 10th. — No. 173. 

Large pariah dog. Weight 34^ lbs. Chloroformed in the box at lOh, 27m 
88s, Fell down at lOh. 33m. 46s. Placed on the table at lOh. 34m. 2b. anc 
kept quiet with chloroform. Artery ligatured at lOh, 38m. 25s. Canula insertec 
lOh. 39m. 45s. Connection with the manometer at llh. 46m. 15s. One Ludwig 
and one Fick tracing. 

H. M. s. Ohsewations. 

A, 10 47 50. — Ordinary chloroform administration until the cornea 

became insensitive twice. 

B, 10 54 35, — Injection of one grain of cocaine into the peritoneum. 

C, 10 57 60. — Chloroform again until cornea became insensitive, 

D, 11 6 15, — After the animal had come round, chloroform again 

very gently but continuously, until death. Anothei 
injection of one grain of cocaine. After the respira- 
tion had stopped two curious rises of pressure with 
improved action of the heart took place {vide Fick 
readings 17 and 19), 

December 10th. — No, 174. 

Medium-sized pariah. Weight 24f lbs. Temperature of the room 21j^ Cent. 
Into chloroform box at llh. 34m. 48s. Fallen down at llh. 43m. 7s. Placed 
on the board at llh. 43m. 20s. and kept quiet with chloroform. Artery ligatured 
at llh. 48m. 10s. Canula inserted at llh. 49m. 10s. Temperature in the 
rectum 102*8 F. Jugular vein ligatured at llh. 57m. 10s. Canula inserted 
into the jugular at llh. 58m. 45s. Connection with the manometer at 12h. Im. 
45s. One Ludwig and one Fick tracing. 

H. M, s. Ohsenmtions. 

A. 12 2 20. — Chloroform administration while struggling and holding 

breath, but stopped almost immediately, after which 
the pressure fell considerably during a prolonged 
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H. M. 8. 

holding of the breath, but was restored to its former 
height by four deep slow inspirations, the cornea 
beiog still sensitive, 

B. 12 5 30. — Chloroform again in the ordinary way three times, the 

third time until the cornea had been insensitive for 
a considerable time. 

C. 12 15 40. — Chloroform again for a short time, and then at 12h. 

17m. Os. injection of five minims of nicotine into 
the jugular vein. After this there was an immediate 
fall of pressure with irregularity and slowing of the 
heart’s action (^mde Pick 10), then very rapid heart’s 
action and rise of pressure, and convulsions followed 
by a very rapid fall. Death ensued four minutes 
after the nicotine was thrown into the heart. 
December 10th. — No, 175, 

Large goat. Weight 60 lbs. Thrown and given chloroform at 2h. 34m, 
40b. Loop under both vagi. Artery ligatured at 2h. 41m, 40s. Cauula in- 
serted at 2h. 43m. 178, Connection with the manometer at 2h, 50m. 15s, Ono 
Ludwig and one Pick tracing. 

II. M. 8. Observations. 

A. 2 50 15. — Chlorofoim administration during struggling and 

holding the breath, which caused the usual fall in 
pressure. Chloroform was stopped after the pres- 
sure had risen again, and there was a well-marked 
after-fall. 

B. 2 54 0, — Continued stmggles and holding of the breath. 

C. 3 0 0. — Clhloroform again, very gently and without struggling, 

until the cornea became insensitive. 

D. 3 6 50. — Chloroform gently and continuously until death. The 

respiration stopped at 3h. 11m. Os. and the heart 
at 3h. 18m. Os. 

December lOth. — No. 176. 

Smaller and rather thin goat, 46 lbs. Thrown and chloroformed at 3h. 
28m. 30s. Artery ligatured at 3h. 43m. 458. and canula inserted as usual. 
Cozmectiou with the manometer at 3h. 39m. 20e. One Ludwig and one Pick 
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, tracing during : — Continnons chloroform administration tmtil death ensued with 
the cap closely pressed over the face. It shows the difficulty of killing an 
animal hke the goat, which can persistently hold its breath for long periods. 
A very large quantity of chloroform was used. 

' December 11th.-— No. 177. 

Monkey. Weight 10 lbs. Into chloroform at lOh. 47m. 5s. Fallen down 
at 1 Ih. 58m. 30s. Placed on the table at once and kept quiet with chloroform. 
Left carotid artery ligatured at llh. 6m. 30$. Canula inserted at llh. 9m. 208., 
but the artery was accidentally cut across by the ligature and the canula could 
not be inserted again as the internal coats had collapsed. The left carotid was, 
therefore, tied above and below and abandoned. Right carotid artery ligatured 
at llh. 18m. 7s. Canula, inserted at llh. I9m. 27s. Left vagus exposed and 
looped. Connection made with manometer at llh. 26m. 5s. One Ludwig and 
one Fick tracing. 

H. M. ». Observations. 

A. 11 26 45. — Ordinary chloroform administration with struggles. 

(The trace is defective from kinks in the tube.) 

B. 11 25 30.— Free chloroform administration while irritating the 

vagus. (The effect upon the vagus ceased before the 
electrodes were removed {vide Fick 5) and the 
chloroform was pushed until respiration ceased.) 

C. 11 32 0. — Artificial respiration. 

D. 11 36 0. — ^Injection of ether, one drachm, into the peritoneum, 

which had an unexpectedly depressing effect, pro- 
bably from the dose being excessive or the locality 
chosen for the injection unsuitable. (?) 

The experiment was interrupted by the canula breaking while being cleared 
and cutting the artery, and the animal was killed with chloroform. 

December 11th. — No. 178. 

Dog that had ^ a grain of morphine hypodermically at 12 o’clock and 
another ^ grain at 2 o’clock. Put into chloroform box at 2h. Im. 58. Fallen 
down at 2h. 6m. 30s. Placed on the table at 2h, 6m. 55s. and kept quiet with 
chloroform. Left carotid ligatured at 2h. 13m. 45s. Canula inserted at 2h. 
14m. 528. Connection with the manometer at about 2h, 18m. 308. Three Lud- 
wig and three Fick tracings. The object in this experiment was to ascertain if 
morphine had any effect in preventing the suooess of artificial respiration. 



l85 


Chloroform was given four times gently nniil respiration ceased ''and longer 
intervals were allowed to elapse each time before artificial respiration was 
sommenced. On the first occasion a remarkable slowing of the heart was 
noticed just before and at the time the respiration stopped {vide Fick readings 2 
and 3). Artificial respiration was commenced after about half a minute and 
natural respiration was soon restored. On the next occasion the heart completely 
stopped at the same time as the respiration (vide Fick reading 8), but soon com- 
menced to beat again. Artificial respiration was begun nearly two minutes 
after the cessation of natural respiration, but this was again speedily restored. On 
the third occasion the heart again stopped at the same time as the respiration 
(vide Fick 13) and did not resume its beating for more than half a minute. After 
more than two minutes the animal made two feeble gasps, but artificial respira- 
tion was not begun until four minutes after the original stoppage. The pres- 
sure rose almost at once and natural respiration soon returned. On the fourtli 
occasion there was again marked slowing of the heart’s action shortly after 
respiration had stopped (Fick 18). Artificial respiration was begun after two 
minutes and a half and was successful in restoring the natural respiration. After 
recovery the chloroform was again pushed rapidly and continued until death 
resulted without any attempt to restore the animal by artificial respiration. 
There was again some slowing and intermittenco of the heart’s action (ride Fick 
26), but the heart continued to beat for eight minutes after the cessation of tho 
respiration. 

Odservafioths. 


H. M. s. 

A. 2 19 45 Chloroform. Respiration became very slow at 2h. 21m. 

10s. At 2h. 22m. Os. the pupils wero both dilated 
and at 2h. 24m. 40s. tho respiration stopped. This 
was immediately followed by a long cessation of the 
action of the heart ; there was then one full beat 
and the very slow action which is recorded in Fick 
reading 3, It is to be observed that the cessation 
of the heart’s action was not followed by any further 
fall of tho blood-pressure, and that the pulsations on 
each side of the pause wero ample and strong : in 
short, there was arrest, but there was no failure 
of the heart. Artificial respiration was resorted to at 
2h. 25m. 25s., though there is no doubt the anifu al 
would )|jiave revived without it. 
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H. M. B. 

B. 2 29 26. — Chloroform. At 2h. 33m. Os. the respiration became 

very irregular, and ceased at 2h. 34m. 30s. At the 
same moment the heart stopped completely (v^ 
Fick 8). It recommenced to beat very quickly, but 
there was a second and shorter arrest, recorded on the 
Ludwig tracing. Artificial respiration was employed 
at 2h. 36m. 30s., but it was unnecessary as the animal 
would have recovered without it. 

C. 2 51 40. — Chloroform. The respiration was thought to have stop- 

ped at 2h. 53m. 40s., but did not actually stop till 
• 2h. 54m. 45 b. The heart stopped at the same 

moment for more than a minute. Breathing recom- 
menced at 2h. 57m. Os., but at 2h. 58m. Os. the pres- 
sure fell again and artificial respiration was resorted 
to at 2h. 58m. 40. The blood-pressure rose rapidly 
and natural breathing recommenced at 3h. Im. Os, 

D. 3 7 25. — Chloroform with plenty of air. The respiration stop- 

ped at 3h. 14m. Os. Artificial respiration was com- 
menced at 3h. 16m. 30s. and the animal soon 
breailied naturally, which he would probably have 
done without artificial respiration. 

E. 3 28 0. — The animal was stiU stupified from the efiect of the 

previous dose of chloroform when this observation 
was commenced. Chloroform was administered 
freely with a closely ai^plied cap. Respiration stop- 
ped at 3h. 32m. 40 b. and the heart ceased to beat at 
3h. 40m. 25s. 

Experiment 178 is very like Experiment 162 in 
which the heart’s action was temporarily arrested 
every time the respiratory centre was paralysed. 
As in 162 there was no further fall of blood-pres- 
sure during the arrest, and the beats on each side 
of the stop were ample and strong. The most re- 
markable instance of this is seen at Fick 13. For 
more than 2 minutes there were only 17 very slight 
pulsations recorded, and for over a minute of this 
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was employed with the addition of a beflows, which drew the air from tiie box. 
In the valve-hole of the bellows a ^ in. tube was fixed by means of a large cork 
bung. This tube was connected by a | in. India-rubber tubing with one of the 
tubes in the end of the box already described, and by the Y tube with the 
tracheal canula, A valve over the nozzle of the bellows and another on one 
arm of the Y tube regulated the direction of the current of air. These valves 
consisted simply of a piece of dentists’ sheet rubber tied loosely over the end 
of the nozzle or tube and then cut across. A\Tien the air passed in one direc- 
tion, e.^.,from the bellows, it blew open the edges of the cut rubber, but when 
it tried to pass in the opposite direction the edges of the rubber fell together 
and presented a considerable obstacle. 

Administration of Definite Qaantities of Chloroform. 

For the purpose of giving a definite quantity of chloroform with un- 
limited quantity of air another apparatus was used. It consisted of a wide- 
necked jar 7 in, deep by 5^ in. internal diameter. The top was closed by a 
tightly-fitting bung, in which there wore tliroe apertures. In two of these were 
fixed I in. glass tubes, and the third was closed by a small stopper, which could 
be withdrawn at will for the purpose of introducing chloroform into the bottle. 
To one of these tubes a valve was attached which only allowed the air to enter 
the bottle, but prevented its exit. The other tube was connected by wide rubber 
tubing with a tin inhaler. This inhaler was in the form of a truncated cone, 
and had two I in. tubes opening into it. Ono of those was at the apical 
end, and the other at the side of the inhaler. The apical tube was con- 
nected with the bottle just described. The side tube was closed by a 
simple valve consisting of a perforated cork, over which a strip of thin sheet 
rubber was loosely fastened. At each expiration the rubber allowed the air 
to escape freely, but at each inspiration it closed completely. The muzzle of 
the animal was inserted in the inhaler, and a piece of Mackintosh was tied 
round the inhaler and the head of the animal by means of an clastic bandage, 
so that the inhaler was nearly air-tight. On inspiration the- air passed through 
the glass cylinder, becoming partially charged with chloroform on its way, and 
daring expiration it passed out through the side tube of the inhaler. 

For the purpose of keeping up artificial respiration an ordinary bellows 
was employed, but to the nozzle of it was fixed a valve which closed when the 
bellows was pressed, and thus directed the air into the lungs, but opened as 
the bellows expanded, and thus allowed the afr to escape from the lungs. 
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Tliis valve consisted of a T tin tube f in. in diameter. One end of itaiarans- 
v^rse limb was connected wil^ the nozzle of the bellows, the other with the 
tracheal canula. The opening of the perpendicular limb was covered by a 
piece of tin plate mounted on a hinge in such a way that when the bellows 
:waB pressed a cord tied to the upper handle of the bellows pulled it down and 
closed the opening, but during the expansion of the bellows it was raised and 
the opening uncovered by the elastic force of a piece of India-rubber. The cord 
and India-rubber were both attached to a short rod fixed at right angles to 
that which carried the cover. When it was desired to give chloroform vapour 
along with the insufflated air, a piece of blotting-paper soaked with chloroform 
was held over the valve-opening of the bellows, or the opening was closed by 
a bung and wide rubber tube, and the blotting-paper was placed inside the 
tube. , In the first comparative experiments on the effects of chloroform and 
ether on the heart in monkeys, when given by insufflation, the bellows and 
valve just described was employed. Instead of one limb of the T tube being 
directly connected with the tracheal canula, however, it was connected to a 
small glass T tube. Each of the other limbs of this tube passed to a long- 
necked glass flask furnished with a tubulature through which the anrosthetic 
could be introduced. The neck of the flask was closed by a stopper through 
which two glass tubes passed, one reaching only a little way below the stop- 
per, but the other extending nearly to the bottom of the flask. One of those 
tubes was connected with the glass T tube just mentioned, and the other with 
a glass canula tightly tied into the trachea. At each blast of the bellows the 
air passed onward through these glass flasks to the trachea of the animals, and 
returned through the flasks and out through the valve during the expansion of 
the bellows. It is evident that by this arrangement a certain admixture of 
ether and chloroform vapour will occur in the tubes between the animals and 
the valve, so that after a few blasts both animals will receive mixed vapour, 
although that of chloroform will predominate in the one case and that of ether 
in the other. In order to avoid this admixture the bellows was used without 
the valve, and provision was made for allowing the air to escape from the 
lungs by using a different form of tracheal canula. Instead of a plain glass 
tube a small glass T tube was used. The perpendicular limb was inserted 
into the trachea, and one end of the horizontal limb was connected with the 
bellows ; the other was partially ^closed by a piece of glass tubing, one 
end of which was drawn out and cut off so as to leave only a small orifice. 
This was attached by a short piece of India-rubber tubing to the limb of 
thus T tracheal canula. The orifice was of such a size that while it presented 
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enfficieBt resistance to the passage of air to allow the longs to become com- 
pletely inflated when the bellows was pressed, yet during the expansion of the 
bellows it allowed the air to escape from the lungs and thus prevented over- 
distension. 

When it was desired to give vapour by insufflation to one small animal, 
such as a monkey or rabbit, only the India-rubber ball of Junker’s apparatus 
was used instead of the bellows. Junker’s apparatus consists of the India- 
rubber balls ordinarily used for spray producers, but those are attached to a 
bottle in which the anaesthetic is put in such a way that, instead of producing 
spray, the air simply passes through the anaesthetic and becomes charged with 
the vapour. It then passes to a mouth-piece and is inhaled. The mouth-piece 
which we employed for dogs was made of stout leather in the form of a truncated 
cone. A metal tube ^ in. in diameter, opening into the inhaler at its apical 
end, conveyed the vapour into it. This tube fitted the opening in tho inhaler, 
through which it passed closely, but tho junction was not air-tight. Tho inhaler 
at its other end did not fit tho dog’s muzzle at all closely, so that there was a 
free circulation of air. When we wished to prevent tliis and to give concentrated 
vapour, a piece of Mackintosh was tied over tho inhaler and muzzle so as to 
close up tho space between them. 

Blood-prensure Bxperlments. 

In all these experiments tho pressure within tho arteries was registered 
by one of Ludwig’s kymographs consisting of a mercurial manometer and a 
revolving cylinder on which the oscillations of tho mercury were recorded. 
Tho paper on tho cylinder was smoked by means of burning camphor. Tho 
float on the mercury of tho manometer consisted of a cylindrical piece of ivory 
tapering below and bearing above a steel wire, near the top of which a writing 
point of glass was fixed by a bit of cork. This point was kept in contact with 
the smoked paper by a silk thread loaded with a shot. To the top of the mano- 
meter was fastened a second writing point made of glass or of copper foil. 
When the mercury was at zero this point was at the same level as tho point on 
the float, and as the cylinder revolved it traced the zero lino round it and thus 
afibrded a means of estimating tho height of tho blood-pressure at any moment. 
The cylinder revolved once in nearly thirty minutes. Near tho top of the 
cylinder was placed a magnetic time-marker worked by a DuBois Reymond’s 
key. 

An observer sat constantly beside the cylinder with a watch in front of 
him, and recorded on the cylinder bj^ means of the time-marker, as well as the 
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mstant when anything worthy of note occnrred, the time, minute by minute. 
Whbn the revolution of the cylinder or drum was complete it was removed, and 
a second drum, which was kept ready smoked, was substituted. The tracing on 
the first drum was at once cut off and varnished, and another paper put on and 
smoked, so as to be in readiness when required. 


The movement of the cylinder in these experiments is much slower than 
that usually employed, but it has the double advantage of allowing the whole 
record of the experiment to be reproduced and of rendering distinct even 
small variations of pressure which are apt to escape observation in the long 
tracing taken on a rapidly revolving drum. But the tracing taken on such a 
slow drum as we employed has the disadvantage of being so compressed 
that the individual pluse-beats are invisible. 


To obviate this defect a method of double registration was adopted, which 
had been devised by one of us for a previous research. In the connection be- 
tween Ludwig’s kymograph and the artery a Y tube was inserted, by means of 
which a second kymograph, the cylinder of which revolved once in 3m. 9s., or 
about ten times as rapidly as the first could also bo brought into communication 
with the artery. Both were provided with stop-cocks, so that they might either 
be allowed to work simultaneously, or the communication of either or both 
with tho artery cut off at will. If a mercurial manometer had been used in 
the second kymograph it would have given the number of pulse-beats, but the 
oscillation of tho mercury itself would have modified their size and form. One 
of Fick’s spring manometers was therefore used, and in order to prevent the 
oscillations of tho mercury in tho other manometer affecting Fick’s the stop- 
cock connecting tho former with the artery was almost always turned off 
when the latter was turned on. This plan had the further advantage that tho 
straight line traced by the float of Ludwig’s kymograph attracts the eye so that 
a glance at tho tracing at once shows when a tracing has been taken by Fick’s 
manometer, and by attaching corresponding numbers to these blanks in the trac- 
ing firom Ludwig’s kymograph and the tracings by Fick’s kymograph, the 
relation of the tracings to each other can bo at once ascertained. The clock-work 
of Fick’s kymograph was usually started at the moment when the stop-cock 
connecting it with the artery was opened. A short time is required for the clock- 
work to attain its full speed, and therefore at the beginning of a tracing the oscilla- 
tions may be closer together, and the pulse may appear to be quicker at the begin- 
ning than the end of a reading of Fick’s kymograph, although the pulse rate 
might be really the same throughout. The cylinder was usually, though not 
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always, allowed to revolve a little space after the conneotion of the manometer 
with the artery had been cut off in order that the readings might be more dis- 
tinctly separated from one another. The mercurial manometer was connected 
with the artery partly by metal and partly by India-rubber tubing. The Pick’s 
manometer was connected entirely by India-rubber tubing in the experiments 
up to November 5th, but after that the connection was made partly by India- 
rubber and partly by metal, exactly as in the Ludwig’s. The whole of the 
coimecting tubes, except those between the Y tube and the manometers where 
water was used, were filled with a solution of sodium bicarbonate in order to 
prevent coagulation occurring in them. 

This solution was made by saturating boiling water with sodium bi- 
carbonate and then boiling it for some minutes, so as partly to convert it into 
carbonate. It was then allowed to cool, and was poured into a largo glass 
vessel furnished with a tubulaturo near the bottom, and suspended on tho wall 
of tho room at a height of 7 ft. from the floor and 4j^ ft. above tho level of the 
table. From the tubulature of this vessel die solution was conveyed by 
India-rubber tubing to a glass T-piece inserted in the connection between the 
manometers and the artery. By means of clamps the soda solution could be 
passed at will through the tubes loading to tho artery. Before beginning an 
experiment the pressure within tlie manometer was raised by moans of tho 
soda solution to a height approximating to tho estimated blood-pressure 
in tho animal so as to prevent the blood from passing too far up tho tubes 
and forming clots. This was also done whenever the artery and mano- 
meter had to be disconnected on account of clots having formed. In 
order further to lesson the tendency to form clots an elongated glass bulb 
v'us introduced into the tubing, and was connected by a short piece of 
India-rubber tube with tho glass canula in tho artery. Tho canulas used 
for insertion into tho artery wore blown with a short nock to hold the 
ligature and prevent the canula from slipping out of tho artery. They 
were of various sizes so as to fit the artery of the animal experimented on. 
In all the experiments, with one exception, tho animal was first rendered 
insensible by being placed in a box with chloroform, as ether given in this way 
would have been useless. As soon as it became insensible it was taken down 
and the legs fastened with cords to a simple piece of board 4 ft. 6 in. long by 
2 ft. 2 in. broad. To one end of this one of Bernard’s dog-holders was attached 
and in this the animal’s head was put so as to hold it still. Chloroform or 
ether was then administered on a nose-cap as required to keep the animal 
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oaisasthetised and one carotid exposed, the left being selected in every case as 
it was nearest to the manometer. Occasionally one or both vagi were also 
exposed and a loop' of thread placed tinder them, bnt not tightened rotmd them. 

The artery was firmly ligatured on its distal side, and the proximal side 
was compressed by spring forceps covered with India-rubber tubing to prevent 
their injuring the coats of the artery. The artery was then opened, the canula 
inserted, and firmly tied in. The canula was then filled with soda solution by 
means of a pipette, and connected with the glass bulb already mentioned, care 
being taken that no air bubbles were present. The spring forceps were then 
removed from the artery, the stop-cock of the manometer turned so as to open 
the connection with the artery, and the tracing commenced. All this time the 
animal was kept unconscious by the administration of an anaesthetic from time 
to time as required. 

Registration of the UtKovements of the Heart. 

These were sometimes registered by inserting a needle into the heart, 
and connecting a thread to the end which projected outside the thorax when 
this was unopened, or outside the cardiac walls when the thorax was opened 
and the heart exposed. This thread was in the first instance tied to the lever 
of a Marey’s tambour (A), and the movement transmitted by it to a second 
one (i?), which recorded it. The resistance of the two tambours, however, was 
too groat, and the tracings obtained were unsatisfactory. Bettor results were 
obtained by connecting the noodle in the heart with a time-marker by means 
of two very light wooden pulleys. The lover of the time-markers being kept 
up by a very fine spring, a very slight pull sufficed to depress it, and thus it 
marked even when the cardiac action was weak, and had the further advantage 
of opposing very little resistance to the action of the heart. 

R«gistration of the Respizatlon. 

For this purpose the two Maroy’s tambours A and JB were used. A was 
usually connected to a needle pushed through the chest walls into the 
diaphragm. On one or two occasions an incision was made just under the 
margin of the ribs, and a piece of thick copper-wire flattened at one end, was 
introduced, so that the flat pieces lay between the diaphragm and liver. The 
other end projected outside, and the thread from Marey’s tambour was fastened 
to it. In some of the later experiments a fish-hook was used instead of a 
needle. 



181 


PART V1II.~THB CONTROVERSY ON AN-ESTHBTIOS 
AND THE HYDERABAD COMMISSION. 


In this part of the report it is deemed advisable to reproduce, pre&oed 
by Syme’s lecture, every thing of importance bearing on anresthetics and the 
Hyderabad Commission, which has been published between the time when the 
conclusions of the Commission were put forward in The Lancet, and the present 
publication of their tracings and experiments. The Commission has always 
courted criticism, and has frankly recognized that the chloroform question can 
only be settled by full and free discussion ; and the soundness of this conviction 
is illustrated by the primary disagreement between the Hyderabad Commission 
and the Glasgow Committee. The Glasgow Committee inferred from their 
research that the chief dangers of chloroform aro reduction of blood-pressure 
and sudden stoppage of the heart. Their animals, however, did not die, and 
the ground for this inference, which was drawn from a variety of falls of the 
blood-pressure in their experiments, is the universal belief that a general fall 
of blood-pressure is in itself a source of danger. The Hyderabad Commission 
has proved that stoppage of the heart under chloroform may bo a safeguard 
against poisoning or overdosing ; and this discovery is irreconcilable with 
the finding of the Glasgow Committee. Hut prolonged consideration and 
ventilation of the matter have made it clear that a general fall of the blood- 
pressure is not necessarily a sign of weakening of the heart ; and it is there- 
fore at once evident that the Glasgow and Hyderabad experiments aro in 
complete accord. Both demonstrate that sudden and gradual fulls of blood- 
pressure may occur under chloroform without danger to the organism ; and 
the fact that a general fall of the blood-pressure, whether gradual or sudden, 
is not in itself dangerous, forms in reality the physiological foundation of 
the clinical truth that normal chloroform anaesthesia is free from risk. Nothing 
but good can arise from the controversy ; and accordingly the agreement now 
established, between the experimental data of the Glasgow Comniitteo and 
those of the Hyderabad Commission, has only to bo extended to their con- 
clusions to be the means of settling the chloroform question and saving 
thousands of lives. 
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LECTURE OR OLINIOAL SXTBaERY DELIVERED DURINa 
THE WINTER SESSION OF 1854-55 BY JAMES 
SYME, Esq., PROFESSOR OF OLINIOAL 
SURGERY IN THE UNIVERSITY 
OF EDINBURGH. 


From “ The dated 20th January 2885. 

CHLOROFORM. 

I HAVE now to speak of some cases in wkicli chloroform will be given as 
usual, in consequence of the pain otherwise attendant on Ae operations to be 
performed ; but before the patients are brought in I may take this opportunity 
of saying a few words regarding the use of chloroform, as you see that fatal 
cases, I am sorry to say, still occur, and that the medical journals, conse- 
quently, express doubts as to the use of chloroform at all, or say that, if used, 
it must be only with the greatest caution. Chloroform is no doubt a very 
powerful agent, sufficient to destroy the strongest individual if employed freely 
enough. Its fatal effects were shown at an early period in the following way : 
a lecturer in London was illustrating its action upon a guineapig, which was 
placed under a glass jar along with some of the anaesthetic : the professor, in 
the eagerness of his discourse, left the animal too long under the jar, and it 
died. He explained to his audience the cause of the accident, but, though the 
reasons ho gave wore satisfactory, yet an impression was made upon the public 
which was not soon effaced. In this respect, however, there is nothing peculiar 
to chloroform as a medicinal agent ; opium, prussie acid, strychnia, &c., not 
only may, but often do, destroy life, through being used in over-doses. But the 
question is, may it be used judiciously so as to do the good without exposing 
the patient to the risk of the evil ? It is said in London that it cannot ; that 
the risk is so great that it is only justifiable to use it in case of operations 
accompanied with an extreme degree of pain, or where stillness on the part of 
the patient is essential to success, and that the greatest caution is required in 
its administration ; here wo say that, if used with moderate care, it is perfectly 
safe. It was in this theatre that chloroform was first administered in public, by 
Dr. Simpson, seven years ago ; since then it has been almost daily given here, 
yet we have not had a fatal case. It is true one solitary instance of death from 
chloroform has occurred in another part of the hospital, but that case has 



noihmg to do w|th vs ; so £ur as my department is concerned, it might as well 
have been at Gay’s Hospital or in Kamschatka, or anywhere else ; indeed, it so 
happened that at the very time when that unfortunate event was taking place 
in another part of the establishment, I was myself performing an operation on 
a patient under chloroform in this theatre. 

In inquiring into the reason of this difference between the experience of 
chloroform in London and here, we have not far to search for the explanation ; 
it must lie in one of three things, »w., difference in the chloroform, difference in 
the patients, or difference in the mode of administration : with regard to the 
chloroform, I believe, that most of that which is used in London is made in 
Edinburgh, and I know that some of the fatal cases might bo shown to have 
occurred with Edinburgh chloroform. 

With respect to the patients, it appears that great care is taken in London 
to use chloroform only in persons free from chest affections, especially cardiac 
derangements : hero wo never ask any questions as to the state ol’ the heart or 
constitution of the patients. In all cases where chloroform is required for an 
operation, it is freely given. Now, considering the frequency of cardiac disease, 
and particularly of fatty heart, — which, in fact, is I believe rarely absent, at 
any rate in elderly persons, — and considering also the immense number of 
patients operated on, you cannot doubt that many hundreds with fatty degene- 
ration of the heart have had chloroform administered to them hero ; wo even 
give chloroform without scruple, where wo knem disease of the heart exists. 
Within the last week, a case in point occurred in my practice, A patient, with 
great dread of pain, and also with a horror of chloroform, had long endured 
severe pain from his disease, till existence had become a burden, because ho 
could not venture to undergo the necessary operation without chloroform, while 
his medical adviser considered tliat to take it would bo for him almost certain 
death, on account of organic disease known to exist in the heart, for which ho 
had consulted, and which it may be remarked had been recognized by Dr^ 
Addison of Guy’s Hospital. At length his medical attendant said to him, tliat 
he had suffered so much from his complaint, that even if he died under chlo- 
roform this would be better than remaining as ho was ; while, if it should so 
happen that he should recover, he would be able to enjoy the rest of his life 
free from the disease. The patient could not resist the force of tliis argument, 
and came to Edinburgh prepared for either alternative. 1 performed the opera- 
tion under chloroform ; and the first thing that he did on waking was to ask 
for a dgar. 



As another example, I may mention the case of an old ^ntleman, aged 
sev|snty-fonr, affected with disease of the heart, from whose bidder I removed 
a large stone, some years ago. Chloroform was administered as he lay in bed ; 
and he was put so fully under its influence, that he was taken from the bed, 
was operated on, and put back to bed, before he woke from his sleep. He 
recovered perfectly ; but some time afterwards died and Dr. Begbie, on examin- 
ing the body, found the disease of the heart, which had been diagnosed during 
life. We cannot therefore attribute the absence of deaths here to our being 
more discriminating than others in the patients to whom we administer chloro- 
form ; the very reverse, in fact, being the case. 

I think then, gentlemen, that we are necessarily led to the conclusion 
that the difference of results depends on difference in the mode of administra- 
tion. We know that in other cases differences in the method of procedure had 
led to differences of results, e.g., it was said in London that amputation at the 
ankle invariably caused sloughing ; but it turned out that the surgeon who 
made this statement performed the operation in a manner that deviated much 
from the principles on which it is hero performed successfully, and which led 
inevitably to sloughing. So of dividing stricture by external incision, it was 
said that the extravasation of urine must necessarily take place in a dangerous 
manner, and that other serious complications may occur ; but it turned out 
that the incision had been made without guide on a silver catheter ; in short, 
with such deviations from principles as fully to account for the results. 

So far as I can ascertain, from what I have heard and read upon the sub- 
ject, there are important differences between the mode of administration of 
chloroform hero and in London. It appears that here it is given according to 
principle, there according to rule. There great attention is paid to the number 
of drachms or minims employed ; here we are entirely regardless of the amount 
used, and are guided only by the symptoms of the patient. The points that we 
consider of the greatest importance in the administration of chloroform are, first, 
a free admixture of air with the vapour of the chloroform, to ensure which a 
soft porous material, such as a folded towel or handkerchief, is employed, pre- 
senting a pretty large surface, instead of a small piece of lint or any other 
apparatus held to the nose ; secondly, if this is attended to the more rapidly 
the chloroform is given, the better, till the effect is produced ; and hence, we 
do not stint the quantity of chloroform. Then — and this is a most important 
point — we are guided as to the effect, not by the circulation but entirely by 
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I greailj fear that, as a result of the Hyderabad Commissioii, the opinion that death 
from chloroform is always prefaced by some change or sign of danger in the patient’s breathing 
will gain ground. But does the Commission prove tins ? I think not. What it does prove 
is that in dogs and monkeys and some other animals, in India, respiration always gives warning 
of an overdose and ceases from one to ten minutes before the heart stops for over. This is 
no new statement, for in Snow’s work on Ancesthotics, published in 1857, we find the following 
passage : The greater number of experimenters who have killed animals with chloroform 
have fonnd that the action of the heart continued after the breathing ceased, but they did not 
either control or ascertain the proportion which the vapours of chloroform boro to the inspired 
air. In Mr. Thomas Wakley’s exjx'rimenls the action of the heart continued after the 
breathing had ceased ; and this was the case in a great number of experiments performed by 
a Commission w'hich reported to the Society of Emulation of Paris in 1855.” Tliis Com- 
mission came to the conclusion that “ in all instances in wdiicli animals arc killed by chloro- 
form the action of the heart survives the respiration ; but they might have administered chloro- 
form to an equal number of human patients without any one of them being cut off by sudden 
paralysis of the heart.” Evidence, as wo all know, is of two kinds— positive and negative ; 
and if three cases of (teath in the human subject are brought Ibrwartl which have happened in 
England or in climates resembling otirs in which the hc'art has ceased l)eating and the patient 
has gone on breathing afterwards, then I affirm that th(*se cases are of far more importance to 
us as practical anajsthotists, and far outweigh the 430 experiments wliicli were performed on 
dogs, monkeys, and other animals in the tropical heat of India.’’^ 

The Commission states that it has searched the records of accidental deaths from chloro- 
form in Great Britain siiic(^ 1855, and tlu*y find that there is not a single death from chloro- 
form recorded in which it was proveil tliat the respiration alone was attended to throughout 
the inhalation, 1 also have carefully gone through these same cases, and the conclusion I 
arrive at is that all the^e eases wen* w'atcdied w’itli the greatest care on account of the admin- 
istrator not knowing from wliich quart(*r danger might aris<‘, and although it is not sjwcially 
stated that the respiration was watched, I cannot for one inshint doubt that it was well attended 
to. But to my mind this is a side question altogether, lor, from tlie details of cases quoted a 
little further on, there can Ik? no doubt that tlie primary cause of death was cardiac failurO| 
cessation of respiration being secondary. One very important point to note is that in these 
cases death took place in one instance in 120 seconds, iu another in about 60 seconds, and in 
a third at five minutes from the coiniiiencement of inluilation. Now notice how different jihoso 
times are from those in the fatal cases of the CJonimission, Not one ol the 197 animals died 
in as short a time as the second case quot<*d ; while the heart of one dog went on struggling 
for over ten minutes after respiration had ceas(*d, not counting the time of inlialation. There 
is no doubt tliat in the human subject, when the breathing stops, artificial respiration is the test 
proper treatment, and these are the cas<*s which cause the snrgwn intense anxiety, but which 
do not, or very rarely, end fatally ; but when sadden and general paUor comes over the fao0 
together with sudden loss of pulse, then the patient is dead in ninety-five cases out of a hundred. 

It may be objected that in quoting these cases I am going a long period back ; but they 
aie^typical caaes, and they ha ve gone on o^nrring in much the same way up to the present 

• rTf t^hamiarf in whfoli the Oommliito's experimeaU mrt oanlad out varied from IS* 

towai 
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time, and they will continue so to do as long as chloroform is administered. I have the less 
he^tation in quoting these particular cases, for in each of them the anaesthetic was given 
without any inhaler, all forms of which the Commission condemns. Referring to the three fatal 
cases above mentioned from Snow’s work on Anaesthetics, I find 

Cask 1, — Hannah G— aged fifteen, of Winlaton, near Newcastle, operation to be 
performed being evulsion of a toe-nail, a similar operation having been performed under 
ether a few months previously. On Jan. 28th, 1848, chloroform was administered upon a 
handkerchief, a drachm being poured on it, patient being seated in a chair. In half a minute 
Dr. Meggison, the administrator, finding no change in the breathing or alteration of the pulse, 
tested her sensibility by pinching the cheek, and finding no reflex, told the surgeon he might 
commence. Patient moved when the incision was made, and more chloroform was about to be 
given, when the following events happened : lips suddenly became blanched, and she spluttered 
at the mouth* Cold water was dashed on the face, and the patient laid on the floor. Venesec- 
tion in the arm and in the jugular vein was performed, but no blood flowed. The entire pro- 
ceedings from the commencement of inhalation is said to have been two minutes. From the 
lips becoming suddenly blanched in the above case there is every reason to conclude that the 
heart was suddenly paralysed. The patient breathed for a little after this, and was able to 
Bwallow, though with difficulty. (Dr. Snow’s remarks.) 

Case 2. — ^Patrick C— -, ago not stated. March, 1848. Disease, fistula. Had taken chloro- 
form once previously. Time of inhalation about one minute. Quantity consumed half a drachm. 
Lapse of time till death about one minute. Patient on his side, chloroform was administered on 
a handkerchief or towel. Immediately the operation was commenced the patient became pulse- 
less, his pulse previously being full and natural. Hero the period of inhalation was very short, 
one minute, and the evidence of paralysis of the heart distinct. 

Case 8.— J. V , aged seventeen. Hotel Diou, Lyons, January, 1849. Amputa- 

tion of finger. Chloroform was dropped upon gauze spread pvor the face, leaving a free pas- 
sage for air. At the end of five minutes patient still felt and spoke, at the end of six minutes 
ho became restless and still spoke. One drachm and a half of chloroform had now been 
given ; pulse regular and good. Ho now struggled violently, and within a quarter of a minute 
the pulse at the wrist became imperceptible. The gauze was removed, no pulse anywhere to 
bo foJt, and no cardiac sounds audible. Respiration continued, and ceased in half a minute. 
Means of resuscitation were employed, and respiration reappeared in two minutes’ time, and 
then again gradually ceased. The pulse did not return. 

And now we come to the practical conclusions which are generally the first read, and 
are usually the most interesting parts of the whole paper, no matter on what subject it is 
written. It is difficult to see how the Conunittee arrived at its first practical conclusion as to 
the position of the patient on the back being the best. This position is not so comfortable to 
the patient as when lying on his side ; any of the ansesthetic fluid accidentally spilt falls on his 
face ixistead of on the pillow, and, in fat people especially, the diaphragm does not desoend so 
well owiflg to the weight of the &t on the uMomen pressing on it Again, in this poititum the 
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paliexit tumalfy swaUbm all the saliva wbich is seorefed, often in large qnantiiy, and iUs pro> 
dnoes after vomiting ; whereas when the patient is on his side the saliva will ran oat of the 
comer of his moath, and oonseqaentlj cannot irritate the macoa<> membrane of the 
Also, when the patient is lying on his side, the tongae is not liable to fall book and thos 
impede respiration ; in natoral sleep and in cases of apoplexy how constantly do we notice that 
a patient on his back snores heavily and breathes oneasily, bat when tamed on his side all 
noise ceases and he breathes qnietly. The next conclosion I agree with, provided the patient 
is placed on his side for the reasons above stated. The principles of the next five paragraphs 
have been tanght in the London schools for years. I can answer for Charing-cross TTnapti al^ 
where the pnpils are systematically instmoted in the theoretical and practical details of antes* 
thetics. In paragraph 83 of the report the Committee state that they performed a large 
nnmber of operations which are repnted to be particnlarly dangerons from shock, sach os 
extraction of teeth, evnlsion of nails, section of muscles of the eye, &c. Those operations were 
performed in all stages of anesthesia, and even when the animal was merely stupefied with 
chloroform ; in no case was there anything suggestive of sj'ncoi)o or failnro of the heart’s 
action. And yet in Conclusion VIII. wo find, “ As a rule, no operation shonld bo commenced 
until the patient is foUy under the influence of the anesthetic, so as to avoid all chance of 
death from surgical shock or fright.” Now, how are we to reconcile these to statements ? Is 
it not apparent that animals do not suiFcr from surgical shock and cardiac failnro, and are in this 
respect difiercnt from human beings. I venture to state that there is no anesthetist, even of mode- 
rate experience, who has not noticed cases of shock from insufficient anesthesia, duo to the surgeon 
commencing the operation before asking the administrator whether tlio patient is ready. 

Conclusion IX. states ; “ The administrator should bo guided ns to tho eflfoct entirely 
by tho respiration. His only object, while producing anesthesia, is to see that tho respiration 
is not interfered with.” From the largo experience I Iiavo had of administering anesthetics 
in England during the last thirty years, I feel absolutely certain that if this deduction is acted 
upon, the number of fatal cases, even now too numerous, will rapidly increase. I maintain 
that the administrator should watch equally the face, tho pulse, and the respiration, sudden 
pallor of tho face being of far more importance than partial intorferonoo wilh tlio breathing. 
The precautions mentioned in the remaining paragraphs are usually carried out in tho London 
Hospitals. Time alone will show whether the sanguine future tho Commission bellovo to bo 
in store for chloroform will como to pass if their rules for its administration^ro carried out, 

I remain. Sirs, yours faithfully, 

Feb. 8rd, 1890. WOODHOUSE BIIAINE. 


LETTER FROM Mb. ROGER WILLIAMS. 

To THE Editobb or “The Lancet”. 

Bibs,— Just as modem industrial life is the outcome of the introduction of steanii so 
modem surgery is based upon the use of ansestbetics. Whatever relates to fatalities during 
ia therefioe of the greatest importance to every practical surgeon. With nearly 
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Ittdf a centorjrs experience at our back, it is snrpnsing, — ^in' these dajs of adraiicing toicSiiioe 
and greater accuracy in many respects,— to find that even now we have no really reliable inr 
formation as to the relative frequency of such occurrences. Bough estimates there are in 
abundance, the value of which may be judged from the fact that they vary, for chloroform, from 
1 in 36,500 to 1 in 2,666 administrations. 

My object in writing this letter is to point out that a perfectly reliable source of inform- 
ation is now available, so that in future there can be no excuse for ambiguity. For many 
years past there has been kept at St. Bartholomew’s Hospital a most admirable record of the 
administration of ana3sthetics and of the fatalities which have occurred. These have been 
published from year to year with the annual statistical reports of the hospital. Believing the 
subject well worth a little trouble, I have tabulated those records for the ten years 1878 — 1887. 
During this time chloroform was administered 12,368 times, with 10 deaths (1 in 1,236). 
During the same period ether was administered 14,581 times, with 3 deaths (1 in 4,860). In 
9,072 of these cases ether was preceded by gas; 1 fatal case belongs to this category. In the 
other 5,509 cases other alone was given, and 2 deaths occurred.^ Tliese facts are very eloquent ; 
they require no lengthy comment. I have long been aware of the greater safety of ether, and 
have therefore preferred it to chloroform in most cases, notwithstanding its disadvantages in 
some other respects. I believe this is the goal towards which professional opinion is steadily 
moving; and I think this movement likely to be most beneficial. Experience at other hos])itiils 
leads mo to believe that the results obtained at St. Bartholomew’s may be acce])ted as reliable 
averages. There can bo no doubt, in these cases at least, that most of the fatalities occurred in 
spite of the greatest skill and care being used in the administration of the amesthctic agents. 
Such being the case, it is impossible to arrive at any other conclusion than that such occur- 
rences are unavoidable in a certain proportion of cases. 

I cannot conclude this letter without emphatic protest against the dictum of the 
Hyderabad Commission, that such deaths must be ascribed entirely to carelessness on the part 
of the administrators. Such a statement is opposed to all clinical exi)erience, and it is simply 
preposterous. 

1 am, Sirs, yours truly, 

Welbeck-Street, W., Jan. 30th, 1890. W. ROGER WILLIAMS. 

• >- — 

LETTER FROM Surgeon-Major EDWARD LAWRIE. 

To THE Editors of “ The Lancet ”. 

Sirs,— I n 77/^ of Feb. 8th and 15th, 1890, there are important letters on the 

relative safety of anaesthetics. Mr. Roger Williams gives certain statistics of the administra- 
tion of ansestlietics and of the fatalities which have occurred at St. Bartholomew’s Hospital, 
which, he says, may be accepted as reliable averages at the other London hospitals. From 

* It is right to state that in oaoh of those cases the patient was in an exceedingly feeble and ooUapsed state 
li^efore exhibition of the annoBthetic owing to prolonged intestinal obstruction.—* W. B. W. 
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it itppeiqrs that deaths from diloioform in the London hospitals amotmt to about 1 in 
1,236, and ether ' to 1 in 4,860 administrations. The late Mr. Syme’s cases and my own 
form a Gontinuons series of daily administrations* of chloroform in Enrope and in Indio, from 
1847 to 1890, without any deaths, and if Mr. Roger Williamses reasoning from statistics is 
correct, it is logical to infer that the administration neither of chloroform nor of ether, as 
conducted in London, is as safe as the administration of chloroform on the principles advocated 
by Mr. Syme. 

There can bo no doubt that there is a flaw somewhere in the London teaching with 
reference to anajsthetics, and evidence on this point is supplied by the letter of Mr. Woodhouse 
Braine, who niaintains that it is far more important to watch for pallor of the face than for 
partial interference with the breathing in chloroform administration, having previously stated 
that pallor of the face is one of the signs that the |mtient i*^ dead. Mr. Braine writes as if the 
acceptance of the trutli about chloroform woidd be disastrous to ana}sthesia specialists. Tlio 
reverse ol this would be the case, as it is well known that immense numbers of j)eoplo are 
deterred from having operations performed on account of the dread of anaesthesia caused by 
the present position of anaesthetics. 

It is for anrostlu'tists themselves, however, or for the surgeons who employ them, to 
decide wdiich policy is likely to be more' conducive to their own interests ; to i>c»rsevero in an- 
nouncing publicly that antestlu'tics cannot be given safely in London, or to give a fair trial to 
Spue’s principles, Avhich have stood the test of (‘xperienee, and have been proved by the 
llydembad t^ommission to rest on a secure physiological 1‘oiindation. The (luestion of chloro- 
form administration is no longer one of doubt or of opinion, and moreover it is one of common 
sense. If Hyderabad students can b(‘ taught to give chloroform as they do day aftcT day, with 
guaranteed safety, a fortiori it mu^t be a much more ea‘4y task to U'uch London students to do 
the »ame. 


Hyderabad, Deccan, March 12th, 1890. 


1 am, Sirs, your oln'diont servant, 

EDWARD LAWRIE, 

Burgeon-Major. 


MEDICAL SOCIETY OP LONDON. 

An ordinary mooting of thia Society was hold on Fobmary 10 th, the Prosidont, 
Dr. Theodore Williams, in the chair. 

The President said that so much hnng upon tho Tolnablo work of the Commission at 
Hyderabad that the council of the Society had decided to give up an evening to listening to 
Dr. Lander Bmnton’s account of experiments, and to the discussion following thereon. 


f * By daily mult be vaderstood aerenJ adminiatiatioaa every day/— L.] 
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Dr. Bnmion conuaenodd by Biaiing iliai the conolosions artiyed ai by ilie Oommiaftat 
had Uraady been pnbliahed by ^^lie Lancet ”, bat he thonght that the main yaloe of thdr 
lay in the nomber of experiments that had been done, which had<been recorded graphically, and 
which would be printed and circulated so that they might be available to all, and the oonclmdona 
of the Oommission concerning them might be criticised, and, where necessary, corrected. 
Syme attributed the absence of fatalities in the use of chloroform at Edinburgh to two facts — 
that very pure chloroform was used, and that plenly of it was given. It occurred to the 
speaker that one reason of the deaths from chloroform might be the neglect of the second of 
Syme’s dicta ; for many of the deaths appeared to be due to shock, and to occur at the beginning 
of an operation. Syme taught also that in administering chloroform one should watch the 
respiration and not mind the pulse ; and Dr. Lawrie, in the first Hyderabad Conunission, 
instituted a series of experiments to show that the respiration failed before the pulse. In the 
first Commission 141 animals were used, and they all died of respiratory failure. The second 
Commission was inaugurated to repeat and extend these experiments, and 430 animals were 
used with a similar result ; in the entire 571 animals the respiration failed before the heart. 
It might be said that two chief theories were promulgated regarding the action of chloroform : 
one, which might be called the Edinburgh theory — that chloroform paralysed the respiration, 
but did not paralyse the heart ; and the other, which was chiefly current in London— that 
chloroform paralysed the heart, and that this was the chief source of danger. It had occurred 
to Dr, Brunton that the small amount of beer drunk in Edinburgh might lessen the liability 
to fatty degeneration of the heart and might have something to do with the difiference in the 
mortality. The Committee of the British Medical Association in Glasgow found that chloroform 
sometimes paralysed the heart, and that this might happen in an unforeseen way which could 
not bo prevented. The experiments of the Commission were directed towards determining 
the action of chloroform upon tho heart, and careful tracings of blood-pressure were taken. 
An ordinary manomotric apparatus was used, the carotid of tho animal under chloroform being 
exposed in tho usual way, tho distal end being tied and tho proximal connected with a 
mercurial manometer ; tho tube between the mercury and the manometer being filled with solu- 
tion of bicarbonate of sodium. Instead of using a quick recording drum, which would give an 
immensely long tracing, a slow drum was used revolving only once in half an hour. This, 
though it recorded the effect of respiration only, showed nevertheless sufficient for practical 
purposes. But in order to register any particularly interesting variations found on the slow 
drum with more accuracy, tho glass tube connecting the artery with the manometer was 
furnished with a branch, and this led to a second manometer and a quick drum. With 
this apparatus, by simply shifting a clomp, a “ Sample,” so to speak, of the cardiac action 
could ^ taken on the quick drum at any interesting moment. To avoid errors from inertia 
the quick drum was worked in connection with a Fick’s manometer. They found that the 
difference between chloroform and ether, so far as their effects on blood-pressure was 
concerned, was just what Claude Berpard had pointed out years ago, that they both acted in a 
similar manner, but that chloroform was the more powerful of tho two. Under chloroform 
the pressure sank comparatively quickly, and on its stoppage and the adoption of ar^cial res- 
piration it gradually rose again. If other was used there was a much slower fall of pressure, and 
artificial resjaration produced a similar rise. If air strongly charged widi chloroform were 
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loed, a sudden &11 of pressure was observed* It then behoved them to inquire how deaths 
during the administration of chloroform were likely to ocour, and how they were to bo pre« 
vented* They investigated the direct action of chloroform upoh the heart* It was well known 
that if chloroform were injected into ordinary striated muscle it become hard like a board, but 
they found that injection of chloroform into the veins did not produce a distinct action on the 
cardiac muscle fibre, —at any rate, not in anything liko the degree they had anticipated* llie 
injection of both chloroform and ether into the veins was found to lower the blood-pressure, 
but ether had a less effect than chloroform* It was found, however, that ether usually caused 
clotting of blood iif the heart, and thus led to a fatal result* When ether and chloroform were 
injected into the trachea they both produced a rapid fall of blood-pressure. It should be 
remembered, however, that the action of chloroform in these two ways, — by injection into the 
veins and into the trachea, — represented its to^tic rather than its therapeutic effects. If the 
vapour of chloroform wore driven into the trachea after the stopimge of respiration, the heart 
became paralysed ; but when administered by simple inhalation alone, when the respinition 
stopped an excess of chloroform was prevented from getting into the circulation, and the heart 
in that case was not paralysed. But there were certain j>oints about the matter which re<juired 
fuller consideration. ‘ An animal dying from paralysis of respiration miglit, after the stoppage 
of regular breathing, make one or two violent gasps, and these might bring in enough chloro- 
form to stop the heart’s action. There was some risk of this happening, but this risk only 
occurred if the chloroform vapour was drawn in when the animal was in a state of asphyxia, 
A tracing taken from an animal in this condition was found to be identical with one produced 
by the Committee of the British Medical Association, There was a drop in the respiratory 
curve, follo\red by slow action of the j)ulse, and then a gradual rise again. This slow pulse 
was due to vagus irritation, and such a tracing could be made at will by inducing simjile 
asphyxia, either by closing the dog’s nostrils, or, if a canula were in the trachea, by stopping 
the end of the canula, or by making tlic dog breathe pure carbonic acid gas. Such a condi- 
tion was never produced by the administration of chloroform with plenty of air, but it always 
occurred during accidental asphyxia. Dr, Brunton liad been much puzzled ns to how the 
Glasgow Committee had produced this tracing, and ho suggostc^d an explanation. If, with a 
^canula in the trachea, artificial respiration were being performed, a small quantity of blood 
tnight run dowm into the bronchi and clot. It might there form a valvular plug, and by 
nloving up and dowm produce an intermittent asphyxia and give rise to such a tracing* 
Several experiments were tried on the effect of shock, but no marked symptom of that condi- 
tion could be produced. It was true that no experiments had been done without other or 
chloroform, but they concluded that such experiments were not only painful but unnecessary* 
They first put an ftnimitl under chloroform and extracted several teeth, but no S3miptom of 
shock followed ; they then tried laying hold of the skin of the anus and pulling and snipping 
iif imitating operation for piles, but with no result. The abdomen was then opened, and a 
piece of intestine pulled out and ligatured ; a blow was struck ujion the testicles os the a nim a l 
was coming round, but the effects were not so marked as would have been imagined* As to 
position, when th e wras put upright there was a distinct fall in blood-prossure, which 
became w |>rmnl yh en the horizontal posture was resumed ; elevation of the legs was found to 
wdse the preesiixei With the in ^ upright pofdtion, striking the abdomen or extract* 
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ingi teeth prodacedf no shock. The effects of dress were tried on female monkeys ; a plaster^ 
of-Paris jacket was pnt on to imitate stays, and a tight bandage round the abdomen to resemble 
the band of a petticoat. Under both these disadvantages the animals seemed to die very 
quickly indeed. Phosphorus was administered to induce fatty degeneration, and in some the 
heart seemed to stop mofe quickly than in healthy animals, but the effects were not marked. 
Their main conclusions were that chloroform arid ether acted in the same way, both paralysing 
the respiratory centre before the heart; if pushed after the respiration had ceased, the heart would 
bo paralysed. Chloroform was more potent than ether, which latter could not be used in very hot 
countries, and the chloroform should be given with plenty of air, for suffocation and chloroform 
formed a deadly combination. The deaths from chloroform were due to asphyxia and resulted 
from imperfect observation of the respiration. During the prosecution of the research they 
had a large number of accidental deaths, but all these were duo to inattention to the respira- 
tory condition. The pulse did not begin to fail till after the respiration, and if the respiration 
were not attended to till after the pulse had failed it was probably too late. If attempts were 
made to pay attention to both th(» respiration and the pulse, neither perhaps would be observed 
well, and hence it was advisable to keep the attention fixed on the respiration alone. Dr. 
Brunton concluded by saying that we owed a great deal to the Nizam, who not only caused the 
research to bo undertaken, but had generously consented to publish it, so that a complete sot of 
the photographic tracings would bo presented to all the principal medical libraries in the world. 

In the discussion which followed, Mr. Bailey dealt with the clinical side only. In the 
early days of chloroform ho thought it was administered as wtU in London ns in the north, 
but many deaths occurred which wore considered to be duo to failure of cardiac action. The 
plan of administering nitrous oxide before ether did away with its disadvantages, and ns 
perfect an nnmsthesia could bo obtained with other as with chloroform, and the death-rate 
from the former was smaller. Ho found it quite easy to watch not only the respiration, but 
also the pulse and the pupil, and the latter, he thought, gave most valuable indications as to 
the patient’s condition. 

Mr. Braino said that in fatal cases under chloroform the patient would be going on 
well, then a little more chloroform would bo given, 'when a pallor of the cheeks would bo 
noticed and no pulse would bo felt, though the patient breathed on. Ho thought that one ease 
BO observed in tho human being was more valuable than thousands of experiments on animals. 

Dr. Sansom agreed that it was most valuable to have these experiments on blood- 
pressure reduced to manometric certainty. The question was what were tho teachings of 
oxporitnonts on animals, and how did they liear on tho practice of tho present day ? 
Years ago careful oxporiments were performed both in England and abroiul, which led to the 
same conclusions tliat tho Hyderabad Commission had shoum more elaborately, namely, that the 
heart in animals was an vltimum mortem. But animals varied very much in their reactions 
to aniesthetios even in the same species, and he thought that we could not argue direct from 
animals to man, whom the influence of emotion placed in an entirely different category. While 
there was a fair amount of uniformity in the necropsy records from animals, m man this was 
not so, for in some cases all chambers of tlie heart were found full of Uood, which pointed 
strongly to the idea that death took place from paralyris of the heart rather than of the 



respiration, liis general oondnsion was that, thongli experiments were valuable, they ought 
not to be accepted as solving the qnestion, and while practical ansesthetists valued these 
experiments at their proper worth, they could not prevent the possibility of syncope occurring. 

Mr. Carter referred to a case which occurred years ago when he was giving an 
anaesthetic, and the patient died. He could not remember the state of her respiration, but saw 
nothing to arouse suspicion till he noticed the pallor of the countenance. His own opinion 
was strongly in favor of chloroform as opposed to ether for ophthalmic operations. Ether was 
attended by more struggling and consequent venous congestion, and the liability to hemorrhage 
from the choroid was therefore greater. 

Dr. Bouth advocated the use of methylene as on ansesthetic. Ho had seen apparent 
death follow the administration of an ansesthetic in six cases ; in all the respiration seemed to 
fail as much as the pulse, and they wore all restored by turning them topsy-turvy. Ho had 
likewise seen a fatal case from ether administration. Ho thought that an apparatus for the 
registration of chest movements would bo valuable. 

Dr. Day had administered methylene 1300 times without an aceid(»nt. lie had given 
it in cases of weak and dilated heart and in mitral stenosis without bad effect. Ho quoted 
from Sir Spencer Wells's work to illustrate its value. 

Dr. Hewitt had never known respinition to fail while th(^ pulse wiis good or fair at the 
wrist, and he had seen two or three cases in which the pulse had given the first sign of danger. 

Dr. Brunton, in reply, said that there were certain differences of opinion as to the 
relative advantages of chloroform and ether. He had found the respiration stop in animals 
when the pulse was quite good at wliat corresponded to the wrist. Th(»ir experiments with 
ether were done under diflSculties owing to the high UinjKTuture in Hyderaljud ; they had 
almost to cut off the air before they got anavsthesia with ether. After poisoning from much 
diluted chloroform there w’as a great difficulty in hringiiig the animal round, hut theni was 
not this difficulty with a stronger dose ; the reason was that in the former case it was difficult 
to say when the animal had stopped breathing. Ho felt sure that the truth about the question 
would come out later when the whole investigation wus published, and when otliers would 
have an equal opportunity with themselves of studying the work that liad been done. 


ANNOTATION FROM THE LANCET, Februaey ISth, 1890. 

Dr, Lander Brunton delivered a very interesting address on his work at ilyderabad at 
the Medical Society on Monday evening. Describing the methods he employed, now pretty 
familiar to those who have pursued physiological research, he passed round a number of tracings 
illustrative of the fall of blood-pressure under chloroform, Ac. Dr. Brunton reiterated in the 
ftiri n the oondnsions which have already appeared in our columns, but supplemented them by 
details of work which could hardly find a place in the formal report. The discussion to itUdi 
Dr« Bnmton’s singularly Indd descriptions gave rise tended to indicate oonclnsions not 
aHogether in hamioiiy with ilie Hyderabad Commisrion’s restdti* WHle admttHng ihe (one 
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of ^Dr. Bmnioix’s arguments as applied to the lower animalsy the practical anesthetists present 
deprecated the extension of conclusions from the lower animals to man, unless positive evidence 
of uniformity of behaviour of chloroform towards men and beasts were adduoible. It was 
further pointed out that the evidence produced was, so far as the action of the drug upon the 
, heart went, wholly negative, and that the clinical observations of Snow, Clover^ and living 
ansssthetists were opposed to the Commission’s contention that chloroform kills through the 
failure of respiration, and not by primary heart failure. While conceding the obvious and 
great value of experiments made upon the lower animals to elucidate conditions prevailing in 
man, one of the speakers pointed out that considerable divergence in reaction towards 
chloroform existed in them, and this was an additional reason for not relying too much in the 
present discussion upon the negative evidence Dr. Brunton advanced. None will seek to 
diminish the great value, both scientifically and practically, of Dr. Brunton’s painstaking 
researches, and it must be accepted as a sign of respect to him that so eager and lively a 
discussion was elicited by his description of his part in the work of the Hyderabad 
Chloroform Commission. 

LETTER FROM Dr. DUDLEY BUXTON, 

To THE Editors of ‘‘The Lancet.” 

Sirs, — ^The publication of the report of the Second Hyderabad Chloroform Commission 
and Dr. Lauder Bninton’s explanatory remarks given to the Medical Society afford very 
many points for careful study. It is unnecessary for me to dwell upon the debt we owe to 
Surgeon-Major Lawrie, to the public-spirited Nizam of Hyderabad, or to Dr. Brunton and the 
other members of the Commission. Dr. Brunton’s work has always been so good, so thorough, 
and so earnest that I bcdieve all who are interested in this most important question — Can 
chloroform be given safely, if given proj)erly ?— looked forward with the utmost interest to the 
feast of reason which he, alike with the other members of the Commission, was to place before 
us. Now that wo have got it, are we happy ? Dispassionate candour compels me to reply that 
I at least have been carried no farther, although setting main issues aside, I would add no one 
can read the suggestive report without gleaning much that is valuable and much that is instruo 
tive. Of the many points involved, I can crave your indulgence for reference only to 
a few. In the first place, I find no attempt is made to bridge over the great hiatus betwixt 
experiment upon the lower animals and the daily experiments made on man. Possibly this 
is to como. Again, I am disappointed to learn no authoritative statement as to whether dogs, 
monkeys, &dt, are liable to sjmcope under any conditions ; personally, I believe if they 
are bo the occurrence must be most rare. Comparing the statements concerning the lower 
animals with one’s own experience among human beings, a wide discrepancy occurs ; 
for every grade of heart weakness finds a record in the note book of every observant ansesthe* 
tist, provided his hospital experience is large ; nor can the bulk of such cases be attributed 
either to primary failure of respiration or careless administration. No doubt maladministra* 
tion may account for some deaths under chlorofonui but not all, since such fatalities have oo* 
Curred under the skilled hands of men whose knowledge and experienoe were great and whose 
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repaiation vras at stake. Again, we baye long acknowledged the danger of death from 
asphyxia occnrring dnring chloroformisation, and Snow pointed ont long ago how over-dosage 
would, by paralysing the mednllary centres, bring about death ; but onr experienoe— -and it 
must be conceded that a daily round of experiment and observation made npon hnman beings 
and conducted through many years gives practical anaesthetists a right to a moderately authori* 
tative judgment in the matter — repeated again and again, tells us that in a certain number of 
persons the pulse flags, loses tension, and fails, even though respiration remains unimpaired 
until with cardiac failure respiratory rhythm ceases. That deaths occur in the initial stage of 
chloroform inhalation is commonly reported ; but if it be contended that such arise from fear, 
as in the oft-quoted case of Simpson, confusion becomes worse confounded, for patients exposed 
to the same terrors from nitrous oxide gas, which has been administered many millions of 
times, and from ether, do not die in the same way ; so that we are forced to believe chloro- 
form, however it does it, does kill in a way i^eculiar to itself, w'hich no forethought can antici- 
pate and no care or skill can obviate. Again, vre must remember that temperature has much 
to say to shock and heart failure, and it may not be irrelevant to suggest that the Tropics in 
this way may contrast favourably with temperate zones. Dealing with tho comj)arativo safety 
of chloroform and ether, I think wo may be pardoned if we decline to accept as proven tho 
conclusions arrived at by tho Hyderabad Commission. In tho first place Dr. Brimton told us 
that his ether was impure ; secondly, that in the climate of India it is impossible to obtain 
anesthesia by ether and maintain it unless air be so rigidly excluded that suffocation occurs. 
Under such circumstances, ether is no doubt a deadly ancesthctic. In temperate countries 
ether is not given in this way, and no asphyxial i)henomona are present. To describo 
ether narcosis as semi-anresthesia is to prove that ihe modem methods of giving ether 
are unknown to the winters, and to invalidate their strictures upon that safe and most 
valuable anaesthetic. In conclusion, I would add that the experiment undertaken by tho 
(commission to elucidaU* shock under anjesthesia is again totally opposed to our clinical expe- 
rience. Were tho conclusions advanced to accej>h*d by us, we should find it liard to explain 
the fluctuations in tho pulse, the diffenmees in respiratory rhythm which occur in lajMirotomios 
when tlie intestines are handled, the pedicle of an ovarian cyst is dragged ui)on, or a bladder 
is seized and held while punctured in snprapulnc eystx)tomy. Tho division into “ chloroform- 
ists ” and “ etlierists ” is irrational and harmful ; every ana?sthetist loams sooner or laUjr that 
every case is sui generic and a law to itself, and for eacli must he decide l)etween not only 
chloroform and ether bnt between them and the many other methods of mixed narcosis with 
which we are now familiar. Without fear or dread must he be pr(‘pared to give one or tho 
other anjcsthetic, but he must bo keenly alive to all the possitile contingencies of each, and 
not live in a fool’s paradise that if ho only obeys certain rules and directions ho and his patient 
are safe and he may administer his anaesthetic “ with perfect ease and absolute safety so os to 
do good without the risk of evil.” ' 

I am, Sirs, yours, faithfully, 

DUDLEY W. BUXTON, 

Ansssthetist to University College Hospital. 


Mortimer-Street, W., Feb. 1890. 
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LETTER FROM Ob. SHAND. 

To THB Editors of *‘Thb Lanobt.” 

Sirs, — ^This being a most important snbject, I feel morally called on, as one who has 
, had nearly fifty years’ experience in practice, to express my dissent from two at least of the 
conclusions arrived at by the Chloroform Commission. I may premise that I used ether first 
with satisfaction till chloroform appeared, and saw it extensively employed in 1848 on the 
wounded from the various engagements on the advance of the Prussian troops to the relief of^ ^ 
Badstadt and the restoration of the Grand Duke of Baden. So that I was the first English 
doctor (and from Scotland too) who saw chloroform used in gunshot wounds. With regard 
to the second conclusion, namely, the necessity of recumbent position in inhaling chloroform, 

I beg to state that two of my most satisfactory operations were performed many years ago 
under chloroform in the sitting position. One was a gunshot wound of the right hand, which 
so smashed all the metacarpal bones that it was only possible to preserve the thumb and fore- 
finger. The gentleman is in London at present, and could exhibit the claw^ as he terms it, with 
which he writes and shoots as of old. I saw him soon after the accident, and with the assist- 
ance of a butler placed him in an arm-chair, chloroformed him, and performed the operation. 
The second was a case of incarcerated inguinal hernia of the left side. I fixed the patient in 
a chair with the coimterpane of his bed and gave him the chloroform, while I sat on a chair 
facing him close to the window with my back to the light. The cure was rapid and perfect, 
and the patient required no truss. He was well in four weeks or less. I give you these 
two cases in respect to position. A large percentage of people respire more freely in that 
position than in the recumbent one ; and although I do not think the heart’s action is to be 
neglected, yet even for its benefit the respiration is the key. My experience of pure alcoholic 
chloroform, administered by an expert, is that it is the most manageable, safe, and effective of 
anesthetics, although I quite agree with Sir Spender Wells, that, provided the administrator 
is an expert in his own choice, any of at least three will answer equally well. The next 
material point is as to administering morphia, either hypodermically or otherwise, before chloro- 
form. A dose of morphia often appears harmless, and obtains a good response. I have extract- 
ed a pebble from the hip, the ])atient resting on his face in bod, and succeeded well enough, 
though, as might be anticiimt(^d, I had to restore respiration in the middle of the operation by 
pressure of the ribs at an open window. I have administered sufficient chloroform several 
times to keep the patient asleep for about twenty-four hours right off, and without accident. 

P.S.-— Since writing the above I notice that one of your correspondents mentions two 
important points in last week’s issue, one of which is the advantage of placing the head on one 
side during the inhalation of the drug, to allow the saliva to flow out of the comer of the 
mouth. It also almost prevents the falling back of the tongue over the epiglottis. This 
arrangement I have frequently alluded to and acted upon with satisfactory results. 


Edinburgh, January, 1890. 


I remain, Sirs, yours faithfully. 

JOHN SHAND, m.d., r.R.c.p., Ed. 
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LETTER FROM Mr, EWEN J. MACLEAN. 

To THK Editors of **Th® Lakokt,” 

Sirs, — ^Tbe following notes of a case in one’s experience of the use of chloroform may 
he of interest at the present time. J. G , aged fifty-nine, army pensioner ; has seen a good 
deal of foreign service : had malaria. Operation by colleague : evulsion of the right great 
toe-nail. Patient had been low-spirited for some time. Bowels regular. Had no food for 
four hours previously to operation. Chloroform administered by myself on an ordinaiy soft 
bed-room towel, folded cone fashion, after the heart had boon examined as a matter of form and 
found normal. The head was kept low. It was a considerable time before the ansesthetio 
|Sok any visible effect, and the patient was very quiet both in speech and movement and took 
deep breaths freely. Somewhat marked congestion of the external jugular and temporal veins 
was noted. Three times the operator tested the seat of operation after tlie conjunctival reflex 
appeared abolished and mu<«cular relaxation present, but found sensibility to pain still retained. 
The fourth time, however, there was no response, and the o|>eration was j)roeeedod with. In 
the course of five minutes or so, when the toe was being sponged, while tlie pulse remained 
steady, though a trifle rapid, the breathing l)Ocaino quicker and somewhat shallow. Tho 
administration of chloroform was at once stopped and the cloth put nvray to a safe distance. 
Tlie breathing, however, became increa>ingly shallow and soon stopped entirely. In the moan 
time the lips and tace generally had become distressingly livid and tho pupils widely dilated. 
The pulse, however, kept going, though character or frequency cannot be reliably notod 
from the fact that artificial respiration was at once resorted to, Silvester's motliod was 
employed, the tongue being dravsii forw’ards with forceps by my colleague, Tho windows of 
the room were widely ojvened to admit air freely. Alter about two minutes of this treatment 
the artificial respiration w'as stopped, to see it auto-respiration would be ro-ostablishotl, but still 
no breathing. There was no time to examine the characters of the heart or pulse. Cold water 
was next da'^hed in abundane<‘ ov er the chest an<l throat, and this undoubtedly offeotod tho 
turning point in the case, as, after a few more passes of the Silvester method, auto-respiration 
returned — at first very shallow’, but rapidly improving. Th(» recovery seemed acccdc^rated by 
the application of flannels wTung out of boiling water to the* j)ra*cordia. The patient was next 
got comfortably into bed w'ith hot-w’ater bottles to feet and flanks and brandy and ether wore 
administered. He recovered without any appanmt ill-<^ff<*cts, and next day, when told of our 
anxiety as to his welfare on the previous day, stat<Ml that it was the sev’enth time in his varied 
experiences he had narrowly oscajKjd with his lit<^ This case, amongst other things, impresses on 
one (1) Tho necessity of watching wdth sp<»cial care thos<* cas<‘« where anaesthesia is difficult 
to establish. (2) The importance of noting the character and frequency of the respiration. (3) 
Tlie fact that chloroform paralyses the respiratory liefore tho cardiac centre. (4) The value in 
these cases of Silv’ester’s methods of artificial respiration. (5) The great value of cold-water 
affusion in recovering auto-respiration. (6 ) The moral duty of being thoroughly well acquaint- 
ed with the treatment of emergencies incident to chloroform administration. 

I am, Sirs, yours very truly, 

EWEN J. MACLEAN, m.b. 


Bristol, February 1890. 



214 

FROM THE GLASGOW CHLOROFORM COMMITTED 

To THE Editors of “The Lancet.” 

Sirs, — ^The Hyderabad Report, which appeared in “ The Lancet ” of Jannary 18th, nata* 
^ly attracted our attention and called for remark, especially as it seemed to traverse certain of 
our conclusions. On carefully reading the report, it appeared to us that, so far as the facts are 
concerned, it generally confirmed our own observations as to the action of chloroform both on 
respiration and on the heart. Some of the inferences, however, are opposed to ours ; but they 
are also opposed, as we believe, to the facts stated in the report itself. We therefore propose 
to criticise the report, and we would have done so immediately after its publication but for a 
request communicated to us that we should wait for the publication of the tracings on which 
the report is largely based. We at once agreed to postpone our remarks ^ and only make this 
communication lest our silence should be misinterpreted. 

We are. Sirs, yours faithfully, 

JOHN G. McKENDRICK. 

JOSEPH COATS. 

DAVID NEWMAN. 

LETTER FROM Mr. FREDERIC HEWITT. 

To THE Editors of “The Lancet.” 

Sirs, — ^Although wishing that space would permit me to express my keen appreciation 
of the work done by the Commission, I feel that, as there is so much to be said on this important 
subject, I must at once proceed to the consideration of the questions at issue. 

In the first jdace I would ask what is the true value of the physiological fact that, when 
chloroform is administered in toxic doses to the lower animals, respiration ceases before cardiac 
action ? Have we any clinical evidence to prove that, under similar circumstances^ this sequence 
of events is not met with in human beings ? In most, if not in all, of the rapidly fatal cases 
which have occurred under chloroform, it has, for obvious reasons, been a matter of extreme 
difficulty to say at what particular moment the heart ceased to beat. Failure of the pulse has 
often been taken to mean stoppage of the heart, but without sufficient grounds. If it were 
possible to make a series of observations upon human beings with that accuracy which is 
attainable when conducting experiments upon lower animals, I should not be surprised to learn 
that, when chloroform causes death solely by reason of its toxic properties, the same sequence 
of events as that observed by the Hyderabad Commission invariably occurs. But our know- 
ledge concerning the action of the heart under anaesthetics is almost entirely dependent upon 
observations on the pulse ; and it would seem that confusion has frequently arisen in conse- 

In Bplte of this statement the QlasQpw Committee pnhUahed tkeir remarka one week befoxe the pahUcaUonof the 
tmotngs on wmoh the report is largely baaed?’} 
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qnenoe of failure of the pulse having been taken to mean that the heart has ^^suddenly ceased**’ 
I am here only referring to those oases in which chloroform itself would seem to have been the 
cause of death ; and in such cases, which are usually rapid in their course, I do not think the 
clinical evidence we possess is sufficient to disprove the contentions of the Commission, But 
this, 1 submit, is the least important part of the subject. Even though we admit the fact that, 
when chloroform itself is the direct cause of death, respiration ceases before the action of the 
heart, we are confronted by a question which seems to me far more important than that upon 
which the Commission has laid so much stress. When fatalities occur during the administra* 
tion of chloroform, are those fatalities invariably caused by the direct toxic effects of the drug ? 
In other words, have we not conclusive evidence to show that, in man, deaths under chloro- 
form sometimes arise by reflex cardiac failure which is only indirectly due to tlie anrosthotic ? 
I cannot regard the ex|x?riments of the Commission in tliis direction as rendering such a posi- 
tion untenable ; for cases have come under my own ob&ervation in wliich symptoms of cardiac 
depression obviously of reflex origin have arisen. Whether it bo the low vascular tension of 
chloroform narcosis or other conditions I know not ; but I feel sure that there is something 
that renders the human heart under chloroform susceptible to impulses which are utterly inopera- 
tive under ether, I .am inclined to the belief that the j)ertbrmance of many operations under 
chloroform is attended by considerable risk from this quarter ; and I am by no moans satisfied 
that cardiac inhibition is loss likely to bo produced during profound than during imiierfect 
anaesthesia imder chloroform. Not long ago 1 administered chloroform, by means of Junker’s 
apparatus, to a patient of about thirty-five years of agts whose general health was good, Antes- 
thesia was produced in from eight to ten minutes, and was elmracterised by muscular flaccidity 
abolition of lid-reflex, and slight stertor. Tliere were two ^tiiges in the operation about to bo 
j)erfonned, the fir^^t of which consisted in placing a temporary ligatiini round the carotid artery 
in the neck. Whilst the artery wa** being exjjosed for this purpose the [)uls(» became extremely 
feeble, tlie face pale, and respiration shallow, and the operator had some difficulty in recognis- 
ing the carotid artery by reason of its extraordinary diminution in size. The head was lowered. 
After three or four compressions of the chest the pulse improved, and, as rigidity and lid-reflex 
soon reappeared, I was obliged to continue the administration, having recourse to other for the 
remainder of the operation, wliich was successfully i)erformed. The day after the o|)cration, 
•whilst the wound over the carotid was being examined, the patient’s face suddenly became 
pale, the artery contracted as on the previous occasion, the eyes were observed to turn upwards 
and the muscles of the jaw to twitch, and for a few seconds unconscionsnoss was present. Now 
in this case, when the first attack of syncope occurred, the patient was thoroughly anaosthotised 
by obloroform ; whilst the quick return of muscular rigidity and of lid-reflex proves that the 
anscsihetic was in no way to blame as a direct cause of the symptoms. Cases of this kind are, I 
believe, by no means xmcommon, and they would seem to point to the conclusion that reflex syn- 
cope may undoubtedly arise under chloroform even when the amesthesia is profound* Apart 
from ansDsthetics, A>me persons are, as is well known, more prone to syncope than others, and 
this would seem to be so with regard to patients under chloroform. How can we compare the 
patient above referred to, to the pariah dog ? Would the latter be likely to be attacked with 
syncope by manipulating its carotid ? 1 gather from the report of the Commission that 
qnoope, t^uld it arise, is a safeguard against chloroform poisoning rather than a condition 



inyolying much danger to life ; bdt we cannot look upon it in this light when we meet with it 
upon the operating table. 

In conclusion, I would say a few words concerning the indications afforded by the pulse 
^ during chloroform administration. There is much evidence to show that, in whatever way 
death occurs during chloroform narcosis, the pulse, if carefuUy watched, usually gives warning 
of the approach of danger before respiration has become seriously affected. In those cases in 
which cardiac depression is only indirectly due to the chloroform — such, for example, as the 
case 1 have related— the initial symptoms are obviously cardiac in origin, and are hence to be 
detected by alteration in the force and frequency of the pulse. In those cases, too, in which 
the symptoms are indisputably due to an overdose of chloroform — such, for example, as the cases 
reported by the Commission — the pulse will, in obedience to the fall of vascular tension (which, 
as the Commission admits, precedes stoppage of respiration), give indications of the most 
important character. If the Commission could prove that, when chloroform is administered in 
toxic doses, respiration invariably ceases whilst the radial pulse is practically unaltered in qua- 
lity, we should begin to look upon chloroform as a respiratory poison only ; but these are not 
the facts, so far as I understand. I cannot avoid the conviction that the Hyderabad Commis- 
sion have incurred a grave responsibility in eulogising chloroform as an ancesthetic for general 
purposes, and in recommending administrators to disregard the indications afforded by the pulse. 
As I have before ventured to point out in these columns, we should consider the inexperienced 
rather than the experienced in recommending an anfesthetic. I have lately read the records of 
every fatal case reported by “ The Lancet ” and “ British Medical Journal ” as having occurred 
under ancBsthetics in the British Isles from 1880 to 1889 inclusive, and I find that out of a 
total of 130 chloroform deaths no loss than fifty-four took place in connection with minor sur- 
gical operations, most of which were doubtless conducted with somewhat less caution than 
would have been employed in more critical cases. Are we to advise the use of chloroform 
(which Dr. Lauder Brunton admits to be a most powerful drug) to recently qualified men, who 
have perhaps never employed it before ? I confess I cannot regard it as advisable to permit 
those with but little experience to administer chloroform to patients coming into the surgeries 
of hospitals with a dislocated shoulder or a lacerated finger, yet this course is one which the 
Commission appear to countenance. Even though we accept the facts so ably put before us by 
the Hyderabad Commission, we are, I would submit, in no way justified in agreeing with the 
practical conclusions at which the Commission have arrived. 

I am, Sirs, yours obediently, 

FREDERIC HEWITT, 

Instructor in and Lecturer on Anaesthetics 

at the London Hospital, &c« 


Qeorge-Street Hanover-Square, W., Feb. 24th, 1890. 


[It U to obMTTod Unit ifhan the polte foilod 1&» Hewitt enpiojed artiacial to xeetore it.] 
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LETTEE FROM Db. CHARLES K SHEPPARD. 

To THB Editobs of **Thb Lancet.” 

SiBB, — ^The importance of the issues at stake seems to render it incumbent upon every- 
one who has special opportunities for observing the action of anaesthetic agents to record his 
opinion concerning the results of the Hyderabad Cfommission. Many of the conclusions arrived 
at are of the utmost importance, and our best thanks are due to the Commission for bringing 
these prominently under notice. I allude more particularly to the influence of asphyxial con- 
ditions, the previous exhibition of certain drugs, hmmorrhoge in considerable degree, and the 
position of the animal ansesthetised. On the other hand, there are many points for the final 
settlement of which wo had all looked forward with the greatest interest to the experiments of 
the Commission, but in which we are, if anything, in a more uncertain position than before* 

In the first place, it is unfortunate that all the evidence as regards the occurronoo of 
primary syncope is negative, and one cannot help feeling that, oven were the instances con- 
siderably multiplied, there still would be no certainty that the next experiment might not prove 
the exception to the rule. And if wo are not justified in arriving at a dogmatic conclusion in the 
case of tlie low'or animals, how much less are we warranted in aj>plying the same conclusion to 
the human subject. The records of clinical experience, in fact, stand confronted with the re- 
sults of laboratory experiment, and I think that every one will allow more weight to one positive 
instance occurring in the former than even to thousands of negative instances in tho latter. It 
is well known that many of the cases which have suddenly terminated fatally, or shown signs 
of serious cardiac failure during the administration of chloroform, come under a certain cate- 
gory, including forcible dilatation of tlie sphincter ani and other operations which 1 need not 
here spi^cii’y. Other fatal results have occurred during tho {xjrformanoo of trivial 0]}erations 
whore tho action of chloroform has admittedly not been carried to complete narcosis. Now, 
although there may bo some difficiilty in attributing the precise cause in each individual cose, 
w'hether an overdose of the drug suddenly applied in order to check movement, or whether a 
reflex inhibition of the heart in consequence of incomplete anoosthosia, there can be no doubt 
as to the symptoms observed, viz,^ sudden pallor and failure of pulse, almost coincident with 
the commencement of operation, and in many cases absolute failure ot all means of resuscita- 
tion, although promptly ap[)lied« Now, on referring to tho exjierimonts made upon tho lower 
animals in this connection, wo find that, although all tho operations associated with shock 
and cardiac failure were performed in all stages of chloroform administrationi yet there 
was nothing beyond a slight variation in lilood-pressuro to indicate anything approach-, 
ing syncojKs or cardiac failure. Evidently, therefore, in this matter we stand face to face with a 
serious dissimilarity between tho conditions as occurring in tho human subject and in the lower 
animals respectively, and yet, on taming to the practical conclusions deduced from tho experiments 
of the Commission, we find it recommended that “ as a rule, no operation should bo commenoed 
until the patient is fully under tho amesihetic, so as to avoid all chance of death from surgi- 
cal shock or fright.” With the conclusion I think most chloroformists will agree, but not witli 
the method of arriving at it ; and I maintain that if we followed the indications furnished by 
laboratory experiments in this instance we should be led into grievous enr<Kr« 
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On nteking a general snryey of ihe experiments as reported we cannot help being 
sthick by one very important factj viz.^ the tmiformify with which the varions phenomena 
presented themselves in each series, even in those purposely complicated for special objects. 
In other words, the percentage of typical cases is very large, and contrasts markedly with what 
is observed in the human subject, where typical form is comparatively uncommon, but is 
nevertheless, when it occurs, recognised as the normal and made the point of departure for the 
consideration of all others. It is chiefly on this account that I feel I must disagree with the state- 
ment of the Commission that, if the rules laid down be followed, ‘‘chloroform may be given in 
any case requiring an operation with perfect ease and absolute safety.” The public, who are our 
judges, if anything goes amiss, will— nay, already have supplied the words “ by any one, experi- 
enced or inexperienced,” and this idea, if allowed to gain acceptance, will, I am afraid, be 
fraught with disaster. Even assuming for the moment that primary cardiac failure never 
occurs in the human subject, cases are continuaUy presenting themselves where the respiratory 
signs need the closest watchfulness. Clinical experience shows us that shallow breathing 
occurs at the two ends of the scale. On the one hand, when the subject is deeply under the 
influence of chloroform; on the other, when he is entering or emerging from its influence. In 
our typical cases the interval between the two is well marked, and the two conditions are easily 
distinguishable ; but in others, not at all infrequent, the interval is so small and so slightly 
marked that it may bo bridged over by a minute dose of chloroform, or even by a more altera- 
tion of position in the patient. It is here that oven the experienced administrator might bo 
led into a fatal error if ho trusted entirely to the ill-defined signs furnished by the respiratory 
function, and it is only by a careful attention to the important indications yielded by the pulse, 
the pupil, the conjunctival reflex, the colour, and temperature of the skin, that he is able to 
conduct his patient safely through a truly perilous journey. I cannot conclude this letter with- 
out heartily endorsing every word in Dr. Hewitt’s valuable letter on the same subject. 1 have 
myself notes of at least two cases in which, during complete and satisfactory chloroform narcosis 
and without hsemorrhage of any importance, there was a rapid fall in the volume and tension of 
the pulse, attended with blanching of the lips and coldness of the surface, without any prelimi- 
nary alteration in the depth or frequency of respiration. Whatever the exact cause may be, 
there can be no doubt that during the administration of chloroform wo must always bo pre- 
pared for such an ocourrenoo, whereas with other wo may practically disregard its possibility. 
The duty of the aiuesthotist during the performance of a surgical operation on the human 
subject must bo regarded as a highly complicated one, and I am of opinion that the most relia- 
ble administrator is the one who, automatically, as it were, is at all times in full possession of 
the general condition of his patient, keenly alive to all the indications presented to him, how- 
ever trivial, and at once prepared to regulate his procedure accordingly. 

I am, Sirs, yours obediently, 

CHARLES E. SHEPPARD. 

Second Chloroformist to the Middlesex Hospital ; 

Anaesthetist to Quy’s Hospital (Dental School). 

Welbeok-Street, Oavnulish Bquaz., Ibzoh 4ih, 1890. 
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ANNOTATION FROM THE LANCET, March 22nd, 1890. 

It is rather extraordinary to observe what an outcry has lately been raised by a number 
of onr lay contemporaries aji^inst the experiments upon the effect of tight-laoing as a oanse of 
death during the administration of anfesthetics which were made by the Chloroform Oommis^ 
sion in Hyderabad, and mentioned in an address given at the Medical Society by Dr* Zamder 
Bmnton. In some papers these experiments have been quoted as examples of the infliction 
of pain npon sensitive animals to an extent that is horrifpng,’’ and have been stigmatised as 
‘‘ wanton cruelty.” Some of the papers appear to have thought also that Dr. Lauder Brunton’s 
observation that the experiments were made on female monkeys as being more like women than 
dogs referred to their mental and not to their physical characters, whereas it is obvious that the 
observation had reference only to the shape of the body as influencing the respiration, and 
in shape the body of the monkey more nearly resembles the human being than does that of the 
dog. Female monkeys were chosen in preference to males on account of the possibility that 
a difference might exist between the amount of thoracic and abdominal breathing in male and 
female monkeys similar to that which exists in women as compared with men. It is hard to 
see how these experiments can bo looked upon as cruel, inasmuch as there was absolutely no 
pain inflicted, the experiments simply consisting in applying to monkeys %mder cJdorofonn 
an amount of compression of the chest and abdomen which is self-inflicted daily by many 
thousands of women in Great Britain without anrosthetics. The objection has also been raised 
that the experiments were needless, as the effects of tight-lacing had been demonstrated over and 
over again ; but it seems to have been forgotten that the experiments of the Commission wore 
not made in regard to the effect of tight-lacing in general, but to the effect of tight-lacing os a 
factor in producing death during the administration of chloroform. Tlieoretically, no doubt, 
it ought to be easy to predict that tight-lacing would aid in the production of death during the 
administration of chloroform ; but it is very easy to say, after the exiXTiments of the Commission 
have sho\vm this to be the case, tliat the results they obtained were well known Ixjfore, and 
that no good has })een gained by their experiments upon the subject. But practically the 
dangers of tight-lacing have not been properly aj)preciated, inasmuch as an unfortunate death 
occurred in Edinburgh from nitrous oxide administered for the extraction of a tooth, at the 
beginning of October last, shortly l)ofore the Commission began its labours. In this case 
there seemed to be reason to Injlieve that tight-lacing had contributed in no small measure to 
the unfortunate result, and it was, indeed, this lamentable accident which led the Hyderabad 
Commission to make their experiments. These experiments will have served their purpose 
if they lead to the general observance of the rule which the Commission lays down in the 
third section of its conclusions, viz. ; “ To ensure absolute freedom of respiration, tight 
clothing of every kind, either on the neck, chest, or abdomen, is to be strictly avoided ; and 
no assistants or by-standers should be allowed to exert pressure on any part of the patient’s 
thorax or abdomen, even though the patient should bo struggling violently. If struggling 
does occur it is always possible to hold the patient down by pressure on the shoulders, pelvis, 
or legs without doing anything which ean by any possibility interfere with the free movements 
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Nspitation. ” The outcry, foolish though it may hare been, against the erperiments just 
mentioned may not be altogether ‘mthont its nse if it leads to a general recognition of the 
dangers of tigfat-laoing or tight clothing generally in anyone who is about to take an 
annsthetic. 


LEADING ARTICLE. 

** The Laneet'' 29<A March 1890. 

Professor H. C. Wood, conjointly with Dr. Hare, has commnnicated a paper upon 
the physiological action of chloroform to the American Medical Newt of Fob. 22nd. The 
authors criticise the work of the Hyderabad Commission,, and are led to adopt very different 
views concerning the action exerted by chloroform upon the heart. Moreover, they take 
exception to an observation made by us in Tlw Lancet of Jan. 18 th, p. 139. We said, in 
speaking of tho Hyderabad Commission : “ The practical outcome of the research would 
appear to be that deaths are not inevitable. They are therefore preventable, and by due care 
in its administration they may bo with certainty avoided.” Professor Wood and his colla- 
borator do not appear to recognise that in using tho above words we wore expressing the 
conclusions of tho Commission rather than our own. Wo wore careful to add : “ The conclu- 
sions of the Commission are sweeping, and without abundant evidence cannot be accepted.” 
We have spoken with no uncertain sound from time to time concerning tho dangers attending 
the use of chloroform — dangers which unquestionably, in temperate climes, manifest themselves 
through the heart. A careful perusal of the report of the Commission will, wer think, amply 
justify us when wo assort tho outcome of its teaching is that heart failure does not occur, and 
deaths are, if ordinary precautions are adopted, quite preventable. Wo may, however, quote 
the final words of tho Commission in confirmation of this. It says {Tiw Lancet, Jan. 18th, 
p. 159) : “ Tho Commission has no doubt wlmtevcr that if tho above rules be followed, chloro- 
form may be given in any case requiring an operation with perfect ease and absolute safety, 
so as to do good without tho risk of evil.” The rules, we m.ay remark, are simply those which 
every competent chloroformist has, since tho days of the English Chloroform Committee, 
known and practised. But tho really important part of Professor Wood’s paper is that in 
which ho narrates his own experiments. Tho work of Professor Wood, as that of a tried and 
skilled experimenter, and one who has investigated the action of chloroform upon tho heart 
more than once, must command tho utmost attention. In reviewing modem physiological 
research on this subject, ho justly says it is unanimous in averring that chloroform given 
diluted to the lower animals kills qua the respiration, Le., as Snow has well explained, by 
oumulation ; given in concentrated vapour, it kills by provoking paralytic arrest of the heart. 
This result also obtains when chloroform is injected into the veins. The heart further alter 
this arrest is found relaxed and incapable of responding to stimulation. Professor Wood states 
this result is so constant that he has repeatedly demonstrated it before his class. It has been 
the custom to destroy dogs in the laboratory by ohlorofonn, wd Professor Wood has “ often 
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notioed iihat deaiih has been produced hy piimazj oardiao anest** Although possessed of these 
facts as the result of several years’ work in the laboratory, it was determined, upon the publi- 
cation of the Hyderabad Commission’s report, to re-investigale the matter. This was done 
with the result that Professor Wood became more than ever impressed by the fact that chloro- 
form can and does kill directly through primary arrest of the heart. One series of experiments 
went to show that the heart is directly affected and not reflexly, the view now commonly held 
by experts. A second series proved that although when large doses are given, respiration and 
the heart’s action may cease synchronously, yet frequently the cardiac action ceases a 
perceptible period before the respiration comes to a standstill. The conclusions founded upon 
these experiments are well worthy of very careful consideration. The authors say chloroform 
acts as a powerful depressant poison upon both respiration and circulation ; sometimes the 
induence is most felt at the heart, and death results from canliac arrest ; in other cases the drug 
paralyses primarily the respiratory centres, while in other instances it seems to act with equal 
force upon both medulla and heart.” And, further, they are 1 (h 1 to formulate “ that cardiac 
arrest is specially prone to occur when chloroform is_ administered rapidly and in a con- 
centrated form.” It is also stated by the writers of the paper that they have each witnessed 
deadis from chloroform in the human subject, in which the heart ceased some while before arrest 
of respiration took placi*. Tliey suggest that if tlie report of the IIyd(»rnbad Commission is not 
materially inodifiiMl in its main contention, e/^., that chloroform does not cause primary cardiac 
arrest, the explanation may be found in some peculiarity of Indian pariah dogs, sincH^ European 
and American dogs unquestionably succumb to primary heart failure when allowed to inhale an 
unduly strong chloroform vapour. 


In The Laticet of September 21st, 1889, we made the same suggestion as Professor Wood 
does now, and pointed out the possibility of thi^ animals exporimcmteil on in Hyderabad being 
peculiarly resistant to the action of chlorofonn, and also indicated that difTeronoes in resisting 
power might also exist between the inhabitants of diffenmt citic*s. We furth(*r indicated varia- 
tions in temperature as another possible cJiuse of difference in the results of chloroform admin- 
istnition. There may be other factors still unknown, and w'hich may bo ascertained by further 
experiment. We have no doubt that the experiments of the Hyderabad Chloroform Commis- 
sion and those of Dr^. Wood and Haro were made with ec^ual care, and the apparent discrep- 
ancies between the results will in the en<l only lead to a fuller and more perfect knowledge of 
the truth. But wn liave foreseen that it is quite impossibl(5 to come to a final conclusion re- 
garding the action of chloroform on man from experiments, however numerous and however 
careful, on the lower animals. Such experiments are of great value, but the question must 
also be worked out from the clinical side, and it is for this reason that wo have sent out a re- 
quest for information regarding the results of the administnition of anaesthetics. We trust that 
the difficulty of arriving at exact conclusions without a very large basis of facts will induce all 
those who can give us information to do so as fully as possible, and also to remember the 
proverb, “ Bi$ dat^ qui cito datJ^ When we have received these returns we purpose to have 
them collated, and to devote careful consideration to the whole question of the action of anaes- 
thetics, from its clinical as well as its experimental side. 
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LETTER FROM Db. A. MTTRA. 

To THE Editors op The Lakoet,” 

^ Bibs,— -The point raised by Snrgeon-Major Deane in his letter published in The Lancet 

of January 25th is no doubt very important to the medical practitioner both in the United 
Kingdom and in other parts of Her Majesty’s dominions. After the promulgation of the 
Hyderabad Chloroform Commission Report, the administrator of chloroform in a case which 
may unfortunately be fatal will be in a very awkward position before the coroner’s court. We 
hear very often of ^ death from chloroform” in large hospitals in the United Kingdom. Con- 
sidering that greatest care Is always taken to entrust the duty to trained and experienced men, 
it is impossible to believe that no other factor but want of sufScient care plays part in such 
casualties. While fully appreciating the great and good work done by the Commission, I 
believe I am justified in saying that there is hardly one new recommendation contained in the 
practical conclusions given in the end of the Report which is not already known to the 
profession, and which careful surgeons do not observe in their every-day work in the operation 
room. 


Dr. Deane says : — “ For the last fourteen years I have administered chloroform precisely 
as the Commission recommends.” I can fully bear testimony to this statement, as I had on 
several occasions administered chloroform when Dr. Deane was operating. I have adminis- 
tered chloroform in a very large number of cases. I have always held the theory that chloro- 
form stops the respiration before it interferes with the circulation. During the administration 
of chloroform I never feel the pulse, but keep a careful eye on the respiration and condition of 
lips, &c. ; but, during the last four years, I had on two occasions to abandon the contemplated 
operation, and on three others to postpone it, for the danger that stared mo in the face after 
the administration of only a few whiffs of chloroform. By the time this letter will reach you, 
English surgeons will no doubt have given their opinions on the question. The Hyderabad 
Commission deserve the highest credit, and it is not too much to say that it is one of 
the greatest scientific events of the nineteenth century ; but, at the same time, it must be 
observed that the last paragraph of its report has hardly the chance of being universally 
admitted, and is calculated to bo positively dangerous medico-legally, as Dr. Deane has 
pointed out. 


Kashmir, March 5th, 18iK). 


1 lun. Sirs, yours faithfully, 

A. MITRA, L.K.C.P., L.R.C.S. 
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REMARKS on the REPORT of the SECOND HYDERABAD CHLOROFORM 
COMMISSION, by John G, McKendbick, m.d., (ProfesBor of Physiology 
in the University of Glasgow) ; Joseph Coats, (Pathologist to the 
Western Infirmary, Glasgow) ; and David Newman, m,d., 
(Surgeon to the Western Infirmary, Ont-door Depart- 
ment, Glasgow) ; Members of the British Medical 
Association Committee on Anscsthotics. 

(Reprinted from the British Medical Journal of June 14Tn, 1890.) 


llte tcork of tJte Commission — Ttte Dangers of Chloroform^Its Action on tite Hearts 

Liahility to Sudden fall of hlood^pressure^ Gradual Fall coMtanthj ohserml^ 

Chloroform or Asphyxia?— The lielcUive Importance of Heart and Respiratory 

Failure— Points of Agreement, 

Wo desire, in the first instance, to congratulate the members of the Hyderabad Ohloro^ 
form Commission on* the completion of an investigation of great importance to humanity. It 
reflects much credit not only on the members of the Commission who carried out the experi- 
ments, but also on Govoniinent of His Highness the Nizam, his rrimo Minister Sir Asman 
Jah, and ospocially on Surgeon-Major E. Lawrio, whoso zeal and energy originated and 
successfully carried out the Commission. The comjdetion of a scientific investigation of sucli 
magnitude, and with the aid of all the refinements of a modem physiological laboratory in 
the capital of the largest native Indian State, is an event of historical importance, and may 
1)0 regarded as an earnest of the time when East and West will co-operate for the advance- 
ment of science. 

2. The report of the Hyderabad CTilorofonn (Commission appeared in the Lancet of 
January 18th, 1890 [vol. i., 1890, p. 149). Tlio lloi^rts of the British Medical Association's 
Committee was printed in the Journal, vol. i., 1879, pp. 1, 108, and 921 ; and in vol. ii., 1880, 
p. 957. 

3. Wo have to thank Dr. Lawrio for kindly submitting to our inspection the kymo- 
graphic tracings of blood-pressure taken by the Hyderabad Commission. These convey an 
idea of the enormous amount of work done by the CJommission, — work involving great expendi- 
ture of time and energy, and demanding high technical skill. Wo delayed the present 
remarks till we should have the opportunity of examining those tracings, and wo have made 
the examination with a view to adjusting our points of difference and bringing out our points 
of agreement. 

4. The main point of difference between the Commission and the British Medical 
Association Committee has reference to the action of chloroform on the heart. This will be 
taken up afterwards ; meanwhile, we may note that in our report wo folly recognised the danger 
from failure of the respiration,--'a fact which the Hyderabad Commission has omitted to alliide 
to in referring to our report. Thus, in our report we say : Chloroform may cause death in 



dogs either by primarily paralysis heart or the respiration/’ most'cases residra- 
tiod stops before the heart’s action/’ The danger of death from stoppage of the req>iratoiy 
functions must be borne in mind in every case in which anaasthetics are given,” &c. These 
sentences show that we recognised the danger to respiration. At the very beginning of onr 
report we state : “ Without going into detail, we may say that it soon became apparent to 
us that chloroform administered to dogs and rabbits has a disastrous effect on the respiratory 
centres; it is easy to kill one of these animals by pushing the chloroform till respiration is 
paralysed. In observing the rate of the heart during these experiments, it could often be 
determined by auscultation that its contractions were maintained after respiration had ceased. 
It was apparent, however, that even when failure of respiration was more directly the cause 
of death, the heart was, to some extent, simultaneously affected ; there were even cases in 
which tho^heart appeared to fail at least as soon, if not before, the breathing.” 

It is evident from this that we regarded the danger to respiration as a proved and 
indeed a well-recognised fact ; and our special object was to investigate the question of how 
far chloroform was dangerous to the heart. The result of our inquiries was to convince us 
that danger to the heart is at least an occasional occurrence, and one to be kept in mind in 
watching a patient under the influence of chloroform. In summing up, wo put tho matter 
thus ; “The chief dangers are (1) sudden stoppage of the heart ; (2) reduction of the blood- 
pressure ; (3) alteration of the pulse respiration ratio ; and (4) sudden cessation of tho respira- 
tion.” In this enumeration we did not intend to place tho phenomena in the order of their 
relative frequency or importance, although wo admit tho sentence might bear this inter- 
pretation wore it not taken in connoction with the statements quoted above from the beginning 
of the report. Tho question, then, narrows itself down to this ; Does chloroform ever kill by 
paralysing tho heart ? Wo assert that it may do so ; the Hyderabad Commission hold that 
it never does so, and that it always kills by paralysing the respiratory centres or, in their own 
words, referring to experiments without recording apparatus : “ In every case in which 
chloroform was pushed the respiration stopped before the heart.” 

5. Before entering on an examination of the Hyderabad observations, we may 
reiterate some of the points which our experiments seemed to bring out : — 

(a) We showed that chloroform vapour has a paralysing effect on the muscular tissue 
of tho heart and indeed on all kinds of protoplasm, when directly applied. When the heart of 
a frog was exposed to tho direct action of chloroform vapour, it “ became rapidly weaker till it 
ceased beating.” As regards the action on the mammalian heart we make the following 
quotation from our report ; “ With a similar view, a method was devised for warm-blooded 
animals. Rabbits were first used and afterwards dogs. The animal was anaesthetised, then 
the trachea was opened, a tube introduced, and artificial respiration begun by means of a 
double acting pump (one cylinder forcing air in and another sucking it out). By an arrange- 
ment of India-rubber tubes, chloroform or any other anaesthetic could be introduced in the 
circuit between the pump and the trachea. It is to be understood that, in these experiments, 
the air passing into the animal’s lungs was saturated with the vapour of the substance used* 
After artificial respiration bad been set going, the heart was exposed by an inoiBion in the 
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middle line, which was carried bj a pair of blxmt scissors or boneforceps ihrongh the ensiform 
cartilage and lower part of the stemtun. This was efPected generally with no serions bleeding. 
It soon became apparent that, when chloroform is given in this way, there is at once a most 
serious efiPect on the heart ; the right ventricle almost immediately begins to distend, the 
heart presently stops, with the right ventricle engorged with blood. The heart has often, in 
the case of rabbits, virtually come to a stand-still within a minute of the introduction of chlo- 
roform by the method described. The contrast was most striking when ether was used instead 
of chloroform, the other steps in the experiment being the same. Ether may be given 
for an indefinite period without interfering with the heart. We kept up artificial respiration 
with ether in the circuit for an hour, not including twenty minutes occupied in producing 
anaesthesia, and at the end of that time the exposed heart was beating as vigorously as at first.” 

It might be objected to these experiments that the dilatation of the heart, especially of 
its right cavities, may be due to asphyxia, but the fact that tlie heart is not affected in the 
same way by ether as by chloroform, although the oilier conditions of the experiment are 
precisely similar, meets that objection. 

(b) During the operation of registering the blood-pressure either by the mercurial or 
by the spring kymograph, we observed in several instances, both in rabbits and in dogs, and 
especially in dogs, even when the blood-pressure w'as not very low, a sudden failure of the 
heart’s action. This effect was a common occurrence during the administration of chloroform 
especially in the earlier stages or w’hen the animal was recovering ; it rarely happened with 
ethidene, and we never observed it with ether. This effect is well seen in the blood-pressure 
tracings from the rabbit, G and 11.* During deep narcosis, th«‘se sudden variations do not 
occur. We w'ere quite aw^are of the fact that these effects might be held to be due to a 
reflex mechanism, irritation of sensory nerves of the outer oi>onings oi* the respimtory passages 
stimulating the inhibitory centre of the vagi in the medulla, and thus retarding or oven 
arresting the action of the heart. Whatever may be the exj)lanation, the fact remains that 
at cerhiin stages in chloroform narcosis there may be suddeu falls in blood-pressure due to 
interference with the heart’s action, and no one will deny that this is a serious state of matters. 

[c) We have seen in more than one instance the blood-pressure of the dog become enor- 
mously reduced, and tjjje pulsations become so infrequent as to be virtually ineffectual while 
respiration continued. A record of this experiment i)roduced the “ Glasgow trace,” as it is 
termed l"y the Hyderabad Commission.! The explanation of this trace is of great importance, 
and on this point we venture to differ from the Hyderabad Commission, as wull appear 
further on. 


6. The principal points in which the Hyderabad Commission differ from us are (i) the 
question of how death occurs under the administration of chloroform, whether the danger is 
only of failure of the respiration, or whether there is danger also on the side of the heart ; 
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(11) 4^6 explanation of the sudden effect on the heart sometimes occurring under the influenoe 
of chloroform, and observed equally by the Hyderabad Commission and by us, but ascribed by 
the Oonunission to asphyxia and by us to a peculiar, and apparently capricious, influenoe of 
ohloroform. 

(i) In the report of the Hyderabad Commission it is stated that chloroform “ causes a 

gradual fall in the mean blood-pressure As this fall continues the animal first 

becomes insensible, then the respiration gradually ceases, and, lastly, the heart stops.” This 
is regarded as the normal course of events, and in confirmation of it reference is made to Ex- 
periments 168, 169, and 170. We have carefully examined these tracings, and others of a 
similar character. Like our own tracings, they show that, under the administration of chloro- 
form, the blood-pressure is continually lowered, and that when chloroform is pushed the depres- 
sion is apt to assume what the Hyderabad Commission admit to be a “ dangerous ” degree. 
These tracings seem to us in themselves to show that chloroform when pushed has a disastrous 
effect on the heart as well as on the respiration. 

In most of the experiments two different kinds of tracings were taken, — one by Ludwig’s 
and another by Fick’s apparatus. The Ludwig curve shows more particularly the blood-pres- 
sure, while the Fick tracing, taken wliile the Ludwig tracing is suspended, shows specially the 
excursions produced by the individual pulsations of the heart. What we notice, specially in 
169 and 170, is that there is a gradual fall of the blood-pressure, occupying four minutes in 
the one case and five and tirhalf in the otlier. Fick tracings, taken at intervals sliow not only 
a reduction of pressure, but a very striking diminution in the force of the pulsations. By the 
time the breathing stops the pressure is reduced almost to zero, and tlio Fick tracings, taken 
immediately after the cessation of the breathing, show the merortt indication of movements in 
the heart, whose pulsations are reduced in number to less than lialf. So far as the ofliciimcy 
of the heart is concerned in carrying on the circulation, it has virtually ceased to act by the 
time the respiration has stopped, and we are inclined to believe that the inefficiency of the 
circulation may be, at least in part, the cause of the cessation of the rospiraton ; this opinion 
being based on the fact that the fall in blood-pressure is so extreme before the rosj>iration stops 
as to interfere with the proper nutrition of the respiratory centres. 

(ii) In paragraph 30, section (8) of the Hyderabad lieport it is said that ‘‘the effect of 
involuntarily holding the breath .... is much more remarkablt, the pressure often fall- 
ing vuth great suddenness while the heart’s action is markedly slowed.” Further on, in Section 

(12) they say: “ Complete, or almost complete, asphyxia, as by forcibly closing the nose and mouth 
or closing the tracheal tube after tracheotomy, has an effect similar to })ut more marked than 
that produced by holding the breath, and the character of the tracing corres{>onds precisely 
to that produced by irritation of the peripheral entl of the cut vagus. The pressure falls ex- 
tremely rapidly, sometimes almost to zero, and the heart’s action becomes excessively slow, or 
even stops for a few seconds. If the Fick trace of Experiment 148 be comjiared with the 
photographic reproduction of Trace A of the Glasgow Committee it mil be seen that they are 
identical, and that the slow action of the heart witli great fall of pressure, which the Glasgow 
Committee attributed to some capricious action of chloroform upon the heart, was undoubtedly 
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due to asphyxia*” A number of tracings are adduced by the Hyderabad Commission in 
confirmation of these statements, and these we have carefully examined, with results different 
from those arrived at by them. 

In the first place, in Experiments 103, 119, and 157, quoted in Note 10 of Latuset 
Report, we have sudden falls of pressure, and opposite some of tliese, not all, there is the note 
“ holding breath Thus, in 103 (Ludwig), between Fick 20 and 21, there is a very sudden 
fall, at the bottom of which is noted “liolding breath Again, Trace 119, Fick 2, shows a 
sudden fall, and in the Ludwig tmco we have a similar note. It is the same with 157, Fick 2, 
(not Fick 4, as in Report of Commission). But those sudden falls of pressure are not confined 
to occasions when the animal holds its l)reath. 

An examination of trace 157 is very instructive in this respec't. Soon after the com- 
mencement of this tra(‘iiig tlu^re is, as shown in the Ludwig trac*c, a sudden fall of blood- 
pressure, with the note, taking off gag he suddenly held his breath, and pressure fell There 
was then a slight recovery of pressure, and trace Fick 2 was taken which siads from a low 
pressure, and shows a tracing somewhat like our A. F urther on in tlie tracing comes Fick 4, 
which is %ory like that of Fick 2, so like that the ( Commission in their Report, have misplaced 
the numbers, but the animal is distinctly noted as struggling, but not holding breath It 
is noted, however, that chloroform is being gi\en ‘‘ with the cap closely ai>plied If we add 
to this that in the cases noted the fall of blood-pressure seems to have been almost simultanooud 
w’ith holding the breath, the effect on the heart cun hardly bo regarded as the result of 
as{)hyxitt, as asph}Tkia is w(dl known to induce reduction of blood-|)ressuro only after a consider* 
able time. (6Vr further on.) 

Turning to the ex[)eriments referred to in Section 12, where the breathing was arti- 
ficially interrupted, we ha>e be<*n astonished to find that the traces do not bear out the stato* 
mont of that jiaragraph. For exainjde, take Kxperiment No. 150. The following facts are 
noted in regard to it, (a) Near the beginning of thet race wo lind that ‘‘ holding nose and 
mouth ” j>roduces a distinct fall, not nearly so abrupt or great as in our A, or us in observations 
uinh^r ‘‘holding the breath ”, (A) Again, at 11*55, pressure has greatly fallen under the in- 

fluence of chloroform, which has rendere<l the animal insensitive, before the nose and mouth 
are stopped ; the fall continues, but not with any approach to the rajudity of those previously 
mentioned under “ holding the breath ”, (< ) Further on, at l2*5--3ff, after the animal had 

partly recoverotl, and wlien chloroform is being given with “ lots of air ”, and with the animal 
“just insensitive, stoj)ping the nose and mouth produces a much more gradual fall than in the 
previous tw^o occasions ajif>arently b(*causo the animal is less affected by the chlorofonn. {d) 
Again, at 12*9-30. the chloroform is pushed with the cap crammed over the nose, but the res- 
piration is not obstructed, and there is a fall similar to that in h, (f) Still further on, at Fick 
7, we have “mouth and nose clo‘<ed ”, but there is scarcely any effe(»t on the blood-pressure and 
very little on the pulsation, (J) At Fick 10, chloroform having Ix^en stopped u while, holding 
mouth and nose produced little effect on the pressure, but distinct slowring of the pulse. After 
this the vagi are cut, and the experiment need not be followed further. 
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T No. 151 brings out similar facte, namely, that when chloroform is pushed, whether the 
nose and mouth be held or not, the blood-pressure falls^and there is the additional fact that this 
seems to depend very little on the action of the vagi. Thus, soon after the beginning of the 
trace there is the note stop nose and mouth which is followed by a slight fall. One minute 
after this the Fick tracing 3 shows great slowing of the pulse. Then the vagi are cut. Chloro- 
form is given at 3*55, and there is the usual fall, to be followed by a rise when the chloroform 
is stopped. The pressure rises till 3*58, when Fick 4 is taken. After this the nose and mouth 
are again held, but there is little effect on the pressure for more than two minutes, after which 
the fall is somewhat rapid (from Fick 4 to Fick 6) till the nose and mouth are again set free. 
This shows the true asphyxia curve, the fall in pressure not occurring for two minutes after the 
respiration was obstructed. 

No. 148 is mentioned as an example of asphyxia by obstructing the nose and mouth, 
and the tracing is described as “ identical ” with our A. We recognise a resemblance to our 
trace in the Fick tracings 2 and C, but in these the chloroform is being pushed, and there is 
no obstruction to the respiration. The i)lace where there is such obstruction is before Fick 17. 
At 3*54*15 we have “asphyxia by holding mouth”, and there is a gradual fall for three-quarters 
of a minute, when Fick 17 is taken. The Fick tracing does not show the fall, and has no 
particular resemblance to our A, while the Ludwig trace shows that the fall here is, as in other 
cases of asphyxia, greatly slower than ours, taking three-quarters of a minute to accomplish a 
less fall than was attained in ours in a})out seven seconds. (Note that the drum in our obser- 
vations revolved very much faster than in theirs. The time is given by a chronograph showing 
half-seconds in our Trace C.) 

We turn now to our own tracings, from the examination of which the Hyderabad Commis- 
sion infers that the sudden fall in blood-pressure is due to asphyxia. It has been indicated 
above that the fall in blood-pressure due to asphyxia is not sudden, but follows some time 
after the interruption to the respiration. This applies to our tracings ; but besides that, they 
show in their very form that there was here no asphyxia. In order that our statements may 
be followed we reproduce the Tracings A and C. 

In Trace A it will be observed that the beginning of the fall is associated with what we 
take to be a respiratory curve, that is to say, after the fall has begun, as shown by the sudden 
dip, there is a gradual rise with five pulsations of the heart which is clearly identical with the 
respiratory curves further on in the trace, when the pressure is beginning to rise (see A, con- 
tinued). It is to be noted that this tracing was taken at a time when the administration of 
chloroform had been stopped for two minutes. 

If any doubt exists as to Trace A, none can exist as to Trace C. This records an 
observation on the same dog as Trace A, made on the same day after a partial recovery of the 
animal, and it forms a continuation of the same tracing. Two things will be observed in this 
tracing. In the first place, it is definitely noted on the sheet “ Inspiration continues ”, 
although the heart is at a standstill. But, in the second place, the curve itself shows that there 
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was no asphyxia. In the second block of 0, ihere are the most obvions respiratory variations 
in the curve, and these contintie right on till the rapid fall sets in. This tracing is so 
important that we may repeat here our original remarks on this observation : 

It is to be remembered that this animal got chloroform in the usual way, by a cloth 
saturated with the agent being held over his mouth and nose. He received no overdose, and 
the administration only lasted seventy seconds. As bearing on at least one mode of death 
under chloroform, the relation of the heart’s action to respiration is of particular significance. 
The blood-pressure is enormously reduced, and the pulsations have become so infrequent as to 
be virtually ineffectual, yet respiration continues. But respiration stops forty seconds after 
the heart has resumed, the pulsations being still, however, so ineffectual that the pressure is 
even minus. We believe that the legitimate inference to be tlniwn is tliat the stoppage of 
respiration was not due directly to the chloroform, the inhalation of which had ceased for 
about forty-eight seconds. It seems likely that the, failure of the heart in the first instance, 
and the insufficiency of its subsequent pulsations, were the cause of the failure of respiration. In 
such a state of the circulation, the respiratory centres would j)robably be insufficiently supplied 
with blood, and be consequently liable to cease acting. In this case, if death had occurred, 
it would only apparently have been due to the failure of the respiration, the primary failure 
being that of the heart. To what extent this may apply to human cases we do not venture to 
speculate.” 

7, Wo now come to a very interesting point, namely, that of determining the relative 
effects of a diminished activity of the heart or a diminished activity of respiration in bringing 
about a fatal result. In this connection, the report of the Hyderabad Commission contains 
many valuable suggestions. We both obser\^ed that there is still a fall of pressure after the 
animal had ceased to inhale chloroform. Thus, in the first recorded experiment of the British 
Medical Association Committee, it is noted : “ Chloroform was given, and during deep ances- 
thesia a canula was introduced into the carotid artery, and connected with the kymograph. 
By the time connection with the kymograph was established, no chloroform had been given 
for about two minutes. On first making the connection, the pressure registered lO-l milli- 
metres, which may be regarded as nearly normal ; but now, without any fresh dose, the 
pressure rapidly fell to zero, with a remarkable retardation of the heart.”* We quite agree 
with the Hyderabad Commission in the view that “ this after-fall is probably due to absorption 
of a portion of the residue of chloroform in the air-passages after the stoppage of the inhala- 
tion.” The Hyderabad Commission, however, hold that “ slowing or temj)orury stoppage of 
the heart in chloroform administration is not dangerous”, and that the “controlling influence 
of the vagus on the heart is a safeguard, and that it is the exhaustion of the ner\^e wliich is 
dangerous ”. Their theory is that when the inhibitory action of the vagus (which is known to 
be intermittent and not continuous) is called into play, the heart does not beat so quickly nor 
so strongly, that less chloroformed blood is transmitted to the respiratory centres, and that 
consequently, these centres are not then in danger of sudden arrest. Further, that if 
the vagus irritation ceases, or if the vagus becomes exhausted, the heart “bounds on 
again”, and “ the blood then becomes quickly saturated with chloroform, and an over- 


* Jotrair^i^ vol. IL, 1880, p. 962. 
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dose |s at once conveyed to the nerve centres'’. This ingenious view has much to support 
it, and we think that much credit is due to the Hyderabad Commission for its sugges- 
tion, as it undoubtedly explains the beneficial action of atropine as an adjunct to chloroform 
administration. We would remark, however, that in our opinion the Hyderabad Commis- 
sion attach too much importance to it, and that it does not account for the facts in each case. 
For example, we observed in one case, after stoppage of respiration, while the heart continued 
beating, that respiration was spontaneously resumed ; and we supposed that by the cessation 
of respiration, less chloroform was taken into the blood, so that in a short time the respiratory 
centre recovered. In this case the heart was pulsating vigorously after stoppage of respiration, 
but as the chloroform in the air-passages was taken up and quickly eliminated and decomposed 
in the blood, the respiratory centres recovered. When, however, they recovered, breathing 
recommenced, more chloroform was introduced, and again there was danger to the respiratory 
centres and to the heart. Chloroform, no doubt, is taken from the pulmonary air-cells by 
diffusion, and this will be facilitated by inspiration, possibly by expiration ; at all events, the 
rapidity of absorj)tion will not be the same when the pulmonary aircells are quiescent as 
when they are expanding and contracting in inspiration and expiration. Thus the movements 
of respiration will affect the amount of chloroform absorbed, and if, rosj)iration becomes 
feeble, or even ceasos, less chloroform will be taken uj) and time may bo allowed for both the 
respiratory centres and the Ijeart to recover. Thus the number and volume of the respiratory 
movements affect the quantity of chloroform absorbed and the number and volume of the 
heart beats affect the quantity of chloroform sent to the nerve centres. It is clear, therefore, 
that the problem is more comjdicated than as shited by the Hyderabad Commission, and that 
the physiological action will depend on so many factors as to make it extremely unlikely that 
the course of events will bo the same in each case. Thus we have (1) the condition of greater 
or less asph 3 rxia, as effected by the quantity of air mixed with the chloroform vapour ; (2) the 
occurrence of any inhibition of the vagus, as afl’oeting the number and volume of the heart 
beats, and thus the amount of chloroform reaching the nervous centres ; the number and 
amplitude of the respiratory movements, as affecting the amount of chloroform absor))od into 
the blood ; (4) as we hold, the specific action of chloroform on the muscular structure and 
intrinsic nervous mechanism in the heart; and (/)) the influence on the vaso-motor centre, as a 
factor in producing the great fall in blood-pressure. We think the Hyderabad Commission 
attach too much importance to one common mode of death, failure of the respiratory centres; 
and while we agree generally with their conclusions, which in many respects are similar to 
our own, wo consider it unwise and unsafe in practice to pay no attention to the state of the 
circulation, and to observe respiration alone. We also consider it imwise to convey to the 
public, even through the profession, the notion that the administration of chlorofonn is a pro- 
ceeding in which there is practically no danger. At the same time, we thankfully admit that 
the number of deaths following the use of so potent an agent has been remarkably small, even 
in the hands of those who pay little or no attention to the condition of circulation. As a 
matter of common prudence, and especially seeing that when respiration fails we can employ 
artificial means for its restoration, while if the heart fails, little or nothing can be done to 
avert a fatal issue, it is incumbent on every one giving chlorofonn to watch both the pulse 
and the breathing. 
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It may here be noted that our obserrationB are in oomplete accord with those recorded 
by Drs. Wood and Hare, of the University of Pennsylvania, published in the MeAkal News of 
February 22nd, 1890, and reprinted in the Provincial Medical Journal^ April 1st, 1890, The 
results of numerous experimental observations are embodied in the following paragraph : — 

“ The experiments which we have given show that chloroform acts as a powerful d^ 
pressant poison upon both respiration and circulation, that sometimes the influence is most 
felt at the heart, and death results from cardiac arrest ; that in other cases the drug paralyses 
primarily the respiratory centres, whilst in other instances it seems to act with equal force 
upon both medulla and heart. So far as practical medicine is concerned, it makes little 
difference whether the heart stops before or just after res[)iration, so that those cases in which 
cardiac and respiratory arrest are almost simultaneous are, for the purposes of the clinician, 
the same as those in which heart arrest jirecedes respiratory paralysis. Finally, the general 
results of our new experiments also coincide with our previous ex]>erionoo in the laboratory, 
and with what wo believe to be the general belief of physiologists— that cardiac arrest is s})e- 
cially prone to occur when chloroform is administered rapidly and in a concentrated form.” 

8. It will probably son’e a useful purpose, seeing that the points on which wo dis- 
agree with the Hyderabad (Jominission have been sot forth in some d(dail above, if we now 
state in a summary fonu the more important matters on which we are agreed. 

(I) Wo are agreed that death from chloroform occurs by failure of respiration, and that 
this is probably the most frecpient mode of death. 

(II) Wo are agreed that chloroform causes a gradual fall in the blood-pressure as 
registered by kymogrupliic tracings from the carotid artery. This is the normal effect of 
chloroform. 

(III) We are agreed that when chloroform is pushed this gradual fadl may be so great 
as to become in itself dangerous This is mlmitted in paragraph (8) of the Ilyderubad 
Rejiort, when' they state that after an animal has been involuntarily bolding its breutli “the 
gasping respiration which succeeds then causes very rapid inhalation of chloroform, with 
immediate insensibility and a rapid full of blood-pressure, which becomes dan(jerou8^\ (The 
italics are ours.) 

(IV) In adilition to this, which we may call the normal effect of chloroform on the 
heart and blood-pressure, l)oth of us observed peculiarly sudden and unoxi>ected falls of pres- 
sure, wdth slowing of the heart. Wo are agreed that this phenomenon occurs, and the 
Hyd 4 rrabad tracings show that it is frequent. Wo differ as to the cause of its occurrence, the 
Hyderabad Ck>mmission ascribing it to asphyxia, while wo contend tliat neither in the time of 
its occurrence after holding the breath nor in its general characters does it corres[>ond with 
the fall of pressure duo to asphjTtia. Whatever l^e the explanation, the occurrence is in itself 
sofficiently serious, and should not be minimised as forming one of the sources of danger in 
the administration of chloroform. 
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The Lancety June 21, 1890. 

j Ik presenting to our readers this week a selection of tracings from those obtained by 
the Second Hyderabad Commission, we think it may be well to bring shortly again to their 
notice the facts about this Commission. Its object was an essentially practical one, and could 
not be better defined than in the words of His Highness the Nizam himself, to save people’s 
lives This object Surgeon-Major Lawrie hoped to attain by showing experimentally what 
he, in common with his teacher Syme and many others, had found clinically, that attention to 
the respiration was the safeguard against death during chloroform anaesthesia* At his sug- 
gestion, the first Hyderabad Commission was appointed by the Nizam’s Government, but the 
results were so different from those obtained by many other experimenters that we hesitated to 
accept them when they were forwarded to us. At Dr. Lawrie’s instance a Second Commission 
was appointed, and the Nizam generously forwarded to us £1,000, with the request that The 
Lakcet would nominate an expert to assist in the investigation, and Dr, Lauder Brunton 
kindly acceded to our request to act as our representative. To take up the whole general 
action of ansesthetics, although interesting, would have occupied more time than the Commis- 
sion had at its disposal, and consequently it restricted its experiments to those haring a direct 
practical bearing. 

In a subject of such vital interest as the mode of action of anaesthetics it is important 
that no conclusion should be accepted without the most thorough criticism, and it is with the 
view of enabling our readers to draw their own conclusions from the experiments of the Second 
Hyderabad Commission that we present them with a selection from the tracings obtained. 
Nearly GOO experiments in all wore performed by this Commission, about 150 of them being 
blood-pressure, and each blood-pressure, as a rule, involving three or four tracings or more. 
Out of the total number of tracings, amounting to 400 or 500, we now select 32 in order to 
illustrate some of the most important points. 

The facts on which the Commission lay most stress are that when chloroform is given to 
animals by inhalation, in the same way as it is given to patients during operations, the respi- 
ration invariably stops before the heart, and if the administration of the anaesthetic be stopped 
and artificial respiration be begun as soon as natural breathing ceases, life can invariably be 
restored. The great slowing of the heart’s action which has been observed, more especially 
by the Committee of the British Medical Association, and which has been regarded as due 
to the action of chloroform, the Hyderabad Commission regard as due to asphyxia, inasmuch 
as they entirely failed to obtain this tracing by giving chloroform with free admixture of air, 
but were able to obtain it at will by simple obstruction of the animal’s respiration. Moreover, 
instead of looking at this slowing of the heart’s action as a cause of danger, the Commission 
regard it rather as a means of safety, preventing the ansesthetic from being carried too rapidly 
from the lungs to the nerve centres. From the observations made by the Commission there 
seems to be little doubt that while chloroform given with a free supply of air by inhalation 
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does not paralyse the heart directly, yet that asphyxia with chloroform is very dangerous, and 
generally causes the heart to stop much more quickly than asphyxia alone would do, although 
to this rule there may be exceptions. 

The influence of shock was very fully tested by the Gomnussion, as will be seen from. 
Experiments 79 and 185. It was found to be very much less than what might have been 
expected. These experiments are no doubt open to the objection that the operations intended 
to produce shock were not performed at the time when sudden death from shock is said to bq 
most likely to occur, iv>., at the very beginning of the operation before any ansosthetic had 
been given at all, but were done after the animal had first of all been thoroughly ansesthetised 
and had only partially recovered from the anaosthesia. Of this objection the Commission took 
full cognizance, but decided not to perform operations before anaesthetics had been given, 
because animals are less liable to shock than man on account of their lower mental develop- 
ment, and the chance of obtaining evidence of shock seemed too small to justify the infliction 
of the pain which would necessarily have been entailed by operating without chloroform. 

In The Lancet of September 21st, 1889, we indicated that diflerence of temperature 
might have something to do with tlie varying results obtained at Hyderabad and elsewhere, 
and the Commission con'^equently noted the temperature of the room as well as of the animal 
in most of their experiments. The eflect of chloroform upon animals with a fatty heart was 
ascertained by administering phosphorus to the animals previously, so that their organs became 
fatty ; but as will be seen from Experiment 79, the effect was less marked than might have 
been anticipated. 

The lamentable case of death from the combined influence of nitrous oxide and tight- 
lacing which occurred in Edinburgh last autumn shortly before the Second Hyderabad Com- 
mission began their work induced them to test the effect of tight-lacing in monkeys subjected 
to the action of chloroform. It will bo seen that death occurred rapidly. No doubt this might 
readily ha\e been anticij)ated, and the (Commission no doubt would not have tried the exi^eri- 
ment had not the death of the unfortunate lady shortly before shown that the danger of tight- 
lacing wdien taking an anaisthetic was not sufficiently appreciated. These experiments of the 
Commission have caused much remark by many of our lay contemporaries, who did not seem 
to imderstiind that their object had nothing to do w'ith tight-lacing in general, but simply 
w ith tight-lacing as affecting the action of anaesthetics. 

As we have already pointed out, a question of such importance is not likely to be finally 
settled either by clinical observation alone or exi)oriment upon animals alone ; the two must 
be combined. 

The Experiments of the Second Hyderabad Commission have supplied us with a 
mass of experimental data such as has never been obtained before, and is not likely to be 
obtained again, at least for many years ; but in order to have this supplemented from the 
clinical side, we issued with The Lanx'ET of March 15th a form of inquiry regarding deaths 
from anaesthetics which we trust that our readers will fill up and return as soon as possible, and 
80 
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they will also aid w inour work hy obtaioing answers from as maiij trosiwoiihy persons 
as i^ej can. 

By oombining the experimental and clinical data we trust lhat we diall be able to set 
finally at rest the vexed question of how death occurs during anaesthesia, and thus to save 
^ple’s lives as the object of the Commission was expressed by the enlightened ruler to 
whose generosity, backed by the public spirit of his ministers, we owe the establishment of 
the Hyderabad Commission. 

The tracings which we have reproduced were taken by connecting the carotid artery 
of the animal with a mercurial manometer, the float of which ascended and descended with 
every rise or fall in the arterial pressure, and traced upon the slowly-revolving cylinder 
blackened with sjoot the variations of the pressure upon the arterial system. As the revo- 
lutions of the cylinder were too slow to allow of the individual pulse beats being seen, a second 
cylinder was employed whicli revolved at a speed nearly ten times as great as the first ; by 
using a wide tube, either limb of which could be shut off or opened at leisure, both mano- 
meters could either be put into communication at once with the artery, or a single one could 
be connected at a time. Usually only one was thus connected ; the general variations of the 
arterial pressure are shown in the tracing taken by the Ludwig’s or mercurial kymograph, 
termed shortly “ Ludwig ” in the tracings, and the pulse beats were taken by a Pick’s kymo- 
graph on the quickly revolving cylinder. These tracings are indicated by the word “ Pick ” 
in the corner. In the tracings taken by Ludwig’s manometer a straight line will be found 
here and there in place of the usual curve. These lines indicate the points where the Pick’s 
kymograph was connected with the artery in place of Ludwig’s. Each is numbered, and 
by reference to the corresponding tracings by Pick's kymograph the character and rate of the 
pulse at any of these periods can be readily ascertained. 


ARTICLE BY Surgeon-Major LAWRIE, 

[From “ The Lancety^ June 21«^ 1890.] 

Whatever may be the result of the labours of the Second Hyderabad Cliloroform 
Commission, the gratitude of our profession is due to His Highness the Nizam of Hyderabad 
for the opportunity of scientific progress which his unbounded liberality has afforded. At the 
time the Commission was appointed, the Pioneer^ the leading journal of India, wrote : No- 
thing could show better the beneficent nature of the solid and friendly tie which binds 
together the British and the Nizam’s Governments than the remarkable and cosmopolitan 
interest which His Highness the Nizam and his officials, one and all, have taken in bringing 
the question of the safety of chloroform to the proof. It redounds to the honour of the 
Government of India no loss than to that of the administration of Sir Asman Jah, that the 
leading Indian State should take a principal share in the settlement of a question which 
concerns the welfare and happiness of the whole of mankind,” Since we are in a position to 
show that the researches of ^e Commission have finally proved the safefy of cUoroform, it is 
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riglit to ask that the Niaam and his Minister, Sir Jah, together with the Minister’s 

responsible adviser, the Nawab Hnshtak Hnssain, should reoeive public recognition as 
benefactors not only of the human race, but also of the animal kmgdom, which, no less than 
ma nkin d will derive benefit from the advantages chloroform confers in the abolition of pain 
and in the relief of suffering. 

In considering the work of the Second Hyderabad Chloroform Commission, a very 
brief recapitulation is necessary. Pour hundred and thirty animals were killed with chloro« 
form by the Commission’s Sul>-Committee, or were subjected to experiments as to the effects of 
artificial respiration, with the object of confirming, elaborating, or disproving the work of the 
First Commission. In addition to this, 168 animals were killed by the Commission with 
chloroform and ether, and the effects were recorded by Drs. Lauder Brunton and Bomford 
with Ludwig’s and Pick’s manometers. The Sub-Committee’s experiments confirmed the results 
obtained by the First Commission presided over by Dr. Hehir ; and in their turn the results 
of the SulKCommittee were confirmed by the experiments undertaken with the self-recording 
apparatus. In every case of death from chloroform the respiration stopped before the heart. 
The three series of experiments showed that simple chloroform poisoning causes paralysis of 
the respiratory centre and then gradual deaths the heart being the last organ in the body to 
die. The exceptions to the rule that the heart retains its vitality longer than any other part 
of the body were found in four cases, in which more or less enorgetio contractions of the 
diaphragm occurred after the cessation of the heart’s action. In one case the contractions 
took place after the thorax had been laid open, and when the lungs were collapsed. The 
Commission called these movements gasps, but solely for convenience and the want of a better 
term. They were no more respiratory movements than the wagging of the tail and the snap- 
ping of the jaws, which wont on for ten minutes after death in two other cases, were move- 
ments of joy or of mastication. The respiratory is a coordinating centre, but there is no 
reason why any of the muscles should not contract spasmodically from stimuli applied to their 
own proper centres after the respiratory centre is paralysed. The diaphragmatic contractions 
in vomiting and hiccough are not generally considered respiratory movements. 

With reference to the manometer experiments of the Commission, it must bo borne in 
mind that the inhalation of chloroform necessarily causes a fall of the blood-pressure. When 
this was first imperfectly demonstrated by the English Commission in 1864 it was erroneously 
thought to be a source of danger ; and the idea was confirmed by the Glasgow Committee in 
1879, which went farther and attempted to prove, by means of more accurate apparatus, that 
not only does chloroform cause a fall of the blood-pressure, but that the fall is sometimes 
capricious, and that this constitutes the grave danger in chloroform administration. The 
Commission have shown that the capricious effects which the Glasgow Committee attributed to 
chloroform were produced by accidental asphyxia ; and the fact that the fall of the blood-* 
pressure, as indicated in the Glasgow Committee’s tracings, was irregular is now known to 
prove that there must have been irregularity of, or interference with, the reflpiration, in their 
experiments. How the fidl of the blood-pressure is produced by chloroform may be left fiur 
physiologists to determine^ but it must diearly understood that it is in no sense a daagsxi in 
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any^case which is fit for an operation, unless it is excessive, that is to say, unless an over«doso 
of chloroform is inhaled. 

The facte brought out by the manometer experiments of the Commission^ which can be 
proved from the tracings, are : 

1. Chloroform, when given continuously by any means which ensures its free dilution 
with air, causes a gradual fall in the mean blood-pressure, provided the animal’s respiration is 
not impeded in any way, and it continues to breathe quietly without struggling or involuntary 
holding of the breath. As this fall continues, the animal first becomes insensible, then the 
respiration gradually ceases, and, lastly, the heart stops beating {vide Experiment 169: Ludwig 
and Fick tracings). If the chloroform is less diluted the fall is more rapid, but it is always 
gradual so long as the other conditions are maintained ; and, however concentrated the 
chloroform may be, it never causes sudden death from stoppage of the heart.” 

2. Chloroform has no power of increasing the tendency to cither shock or syncope 
during operations. Every operation that ingenuity could suggest, or that has ever been sup- 
posed to be dangerous under chloroform, was performed by the Commission in every stage 
of chloroformisation, without any effect upon the heart, the pulse, or the blood-pressure. 

3. The Commission found, however, that struggling during chloroform inhalation, or 
an 3 rthing which interfered with the breathing in any way, such as holding the breath or asphy- 
xia, produced irregularities in the circulation and in iho action ol the heart {nde tracings of 
Experiment 148). Even such slight interference as is brought about })y iorci})l;y pulling the 
tongue forward had this effect {vide Tracing 185). In fact, pulling the fongue, which is 
constantly done when patients are supposed to be in danger from chloroform, was the only 
proceeding short of direct irrihition of the vagus that appeared to produce shock. This would 
have been thought very paradoxical had it not been that pre\iou^ly, >\hen E\poriment 65 w.as 
reached. Dr. Bomford had proposed that the heart should be inhibited by electrical irritation 
of the vagus during chloroform poisoning, as he bolie\ed it would ])ro\e beneficial by postpon- 
ing or preventing the fatal effects. If Tracings 65 and 117 are examined, it will be seen that 
inhibition of the heart’s action and slowing of the circulation, wdth raj)id fall of pressure, caused 
by irritation of the vagus, proved to bo a safeguard, exactly as Dr. Bomford had anticipated, 
rather than a danger. 

4. Following up the discovery regarding the vagus, the Commission found that an 
effect precisely similar to that caused by electrical stimulation of the % agus is produced through 
the same nerve : (a) in the holding of the breath, which occurs in the early stages of chloro- 
form administration {vide Experiment 148 : Fick I. and II., readings 2, 3, 4, 6, 8, 9, and 11}; 
Qi) in asphyxia {vide Experiment 161: Fick 1, readings 14, 15, 16, and 17 ; and Experiment 
156: Fick I., reading 5) ; and (c) sometimes after the respiratory centre is paralysed in the 
later stages of chloroform poisoning (vide Experiment 148 ; Ludwrig III., from 4*5 to 4*7 ; 
and Experiment 178, all tracings). The same effect is produced in man by identically the 
same causes, and is what The Lancet of March 2nd, 1889, wrote as of “ primary and 
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secondary syncope It is evidenced by pallor of the face and other symptoms, to whioh 
Mr. Battle and Mr. Hewett referred in their letters to Thb Laj^cbt of Feb. 22nd and March 
1st, 1890. 

5. The Commission discovered gradually (vide Experiment 148) that it is possible to 
give chloroform in such a way that full ann3sthesia is produced, with a gradual fall of blood- 
pressure, unaccompanied by any irregularity of the heart or circulation. The Commission found 
that the way to do this was to ensure natural and regular respiration, without struggling, 
holding the breath, or asphyxia, or any interference with the breathing. It became evident 
in the course of the experiments that it was difficult, if not impossible, to make any animal 
inhale unduly strong chloroform vapour without previously making it hold its breath, asph3nt- 
iating it, or making it insensible. When an inhaler sjitiirated with chloroform is hold too 
close to the mouth and nose an animal holds its breath ; and in many animals, especially the 
rabbit or the goat, holding the breath stimulates the vagus and at once slows the heart and 
retards the circulation. 

C. The experiments of the Commission proved that death from chloroform is invari- 
ably duo to an over-doso ; and the question which next arose was, are there any circum- 
stances which make chloroform inhalation dangerous, and, as it were, open the door to an 
overdose, or make the action of the drug appear capricious ? 

7. It is fully demonstrated by the experiments of the (Commission that struggling, 
holding the breath, any form of asph^Ttia, or any kin<l of interference with the breathing are 
dangerous in chloroform adniinistnition. Obviously either c(>m{)lete asphyxia or continuous 
holding of the breath, if this were possible, M'ould be sure [)reventives of poisoning by chloro- 
form ; but the danger in such conditions is due to the fact that they must alternate with 
extra \igorous and deep respiration. Struggling makes the inhalation of chloroform dangerous, 
bocaiw it either partially asjhj’xiates the patient, or alternahdy does this and accelenites the 
respiration and circulation, so increasing the amount of <'hlorororm inhaled and hastening the 
rapidity with which the chloroform is conveyed to the brain and nerve-centres. Holding the 
breath causes aspln-xia, and usjhyxia jiroduced in this or in any other manner poisons and 
stimulates the respiratory centre, and, on the one hand, makes it extremely obnoxious to 
panilysis by chloroform ; wdiile, on the other, it leads to gasping and deep insjarations, by 
which an over-sloso is very soon taken in. The nipidity of chlorofonn poisoning when asphyxia 
is produced is much the same as it would l)e if you throw a man into a pond, and held a chloro- 
form inhaler over his head every time ho came to the surfaco to take a breath. This is exactly 
what a timid or badly taught oj)erator often does. He measures his chloroform and pours 
it into a patent inhaler, which ho then applies to the patient’s face. Tlie jiatient holds his 
breath and becomes deadly pale, while his vagus slows the heart and circulation. Presently 
the patient takes a deep gasp, and as soon as the chest begins to move, the chloroformist 
thinks there is no danger and replaces the inhaler on his face, too probably adding another 
dose of chloroform as he does so. The patienPs natural protective means being exhausted^ he 
very quickly absorbs a fatal dose of chloroform, and we are subsequently told that his heart 
fiuled, that he afterwards gasped two or three times and then died. No care in measuring 
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the bhloroform or dilutxag it in a meohanical inhaler is aaqr gnkle whatever to the anonnt 
of the anaasthetio a patient inhales or absorbs. Moreover, breathing throngh an inhaler is not 
natural breathing. 

8. The Oonunission has shown that the key to the safe administration of chloroform is 
that the breathing be natural, so as to avoid struggling and any form of respiratory embarrass^ 
ment ; and that it may be so the ansasthetic mnst be administered in an open cone or cap, 
which is held far enough from the patient’s face to avoid causing him to hold his breath or 
struggle, and into which he is at first made to blow after each inspiration, the cap being 
brought nearer to the face, and eventually quite close to it, as the chloroform begins to take 
effect and he breathes regularly. 

The two tracings dated March 6th, 1890, Nos. 8 and 4, Ludwig, show very conveniently 
all the points claimed by the Commission. They demonstrate : (a) The gradual fall of 
blood-pressure caused by chloroform inhalation, when the chloroform is properly given, so as 
to entirely avoid struggling or holding the breath, &c. (^>) The value of reflex winking when 
the eye is touched, as a guide to the state of anoGsthesia. When this point is reached, the 
subject may, as a rule, be said to be ready for operation, and this, it will be seen from the 
tracings, occurs long before the fall of pressure, if this be regular, reaches a dangerous stage, 
(c) The effects of pushing chloroform till the stoppage of the respiration, the heart being un- 
affected till long after this stage is passed, (d) The slowing of the circulation and fall of 
blood-pressure caused by irritation of the vagus. No one doubts that the vagus has the same 
action in man as it has in animals, (e) The effect of electrical irritation of the vagus when the 
respiration has ceased ; and the slowing of the circulation, which retards the conveyance of 
chloroform, to the nerve centres. It is not difficult to understand how slowing of the circula- 
tion necessarily retards the conveyance of chloroform to the medulla. For example, if the 
pulse is sixty, and sixty atoms of chloroform are convoyed to the brain in a minute, only thirty 
atoms a minute will reach the brain (other things being equal) if the pulse is reduced to thirty 
by stimulation of the vagus. Tracings 3 and 4 of tlio effects of ordinary chloroform inhalation 
are identical up to tho point where the respiration ceased. Tracing 3 then shows that the 
breathing having entirely ceased, stimulation of the vagus slowed the circulation from eighty- 
six to forty-two a minute and saved the dog’s life. Tracing 4 shows how, after the stoppage 
of tho respiration, when artificial respiration was not employed and the vagus was not irritated, 
the heart’s action gradually ceased. Both tracings show how useless it would have been to 
have taken the action of the pulse as a guide. When the pulse failed, as it did at the end of 
Tracing 4, it was a sign of impending death. The two tracings demonstrate that by taking 
the respiration alone as a guide, danger could have been averted, as it always can be in the 
human subject under chlorofonn, if the breathing is carefully kept free. It is remarkable that 
in these two experiments the chloroform was given undesignedly or precisely the some length 
of time, viz.^ 4*48 minutes. Considered by the light of the work of the Commission, these 
tracings prove incontestably that the slowing of the heart and ciroulation through the stimola* 
tion of the vagus is a safeguard in chloroform poisoning. The symptoms — pallor and loss of 
pulse— produced in a similar manner in man are none the less signs of the greatest danger. 
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is ibej iigiiify ihat the patimt has not been breathing properly, or that he has been nspbysiaiU 
ad, or that tine xeiqdratoxy centre has been paralysed. They do not indicate, as has hitfaeiio 
been supposed, that chloroform has any direct efieot upon the heart ; bat whenever they ooour| 
at whatever stage of chloroform administration, they show most unmistakably that it has been 
given in such a way as to interfere with the breathing. 

The most important point of all in the tracings is to be found in the invariably gradual 
and regular fall of blood-pressure when chloroform is properly administered. This is shown 
in many of the Commission’s experiments, espeoially from No. 164 to the end (vide 169), 
and in the tracings of March 6th, 1890. In tracings 3 and 4 of March 6th the fall of blood* 
pressure is gradual and perfectly regular, and they demonstrate the only method of chloro- 
form administration compatible with absolute safety. Though fall of pressure is inseparable 
from chloroform administration, there is never the least danger if it falls regularly, and if the 
inhalation is stopped directly the state of the cornea shows that the patient is “ under ”. 
Regularity of the blood-pressure dej>ends entirely upon regularity of the respiration. Any 
irregularity, therefore, in the fall of blood-pressure during chloroform inhalation indicate 
irregularity of or interference with the respiration ; and, />er contra^ any irregularity of or 
interference with the respiration at once caases irregularity in the fall of blood-pressure ; hut 
as long as the respiration is regular and not interfered with, the fall of the blood-pressure will 
exactly correspond with it, and vrill cease long before a dangerous point is reached if tlu* 
inliolation is stopjyed when tite cornea hecotne insensitive^ or other signs show that the patient is 
under If the respiration is kept up without struggling, holding the breath, or asphjTcia, 
chloroform may be given slowly or quickly, freely and with jierfeot confidence, without the 
slightest risk to the ]>atient. 

From the standpoint of medical education it is a serious misfortune that ether has been 
allowed to displace chloroform in any of our large hospitals. The public has a right to de- 
mand that every medical man shall be able to administer an ansesthetic with safety in any part 
of the world ; and there is no ansesthetic which can bo thus universally employed except chlo- 
roform. If ether is used as the solo recognised annesthetio in the hospitals attached to our 
medical schools, students cannot loam how to give chloroform ; or if aniesthetics are only to 
be administered by specialists, students cannot learn anoesthesia practically ; and it is notori- 
ous that the advance of ether has been accompanied by a decrease in the employment of 
anaesthetics by the general practitioner, and has limited their usefulness. 

In conclusion, I desire to do jastice to the wisdom of my old masters by comparing 
the principles Syme laid down for the safe administration of chloroform, — principb^ which ha 
always said he took from Sir James Simpson, — with the physiological proof the Hyderabad 
Commission has succeeded in determining from their experiments. In the lecture to which I 
have so often referred, which was published in The Lancet of Jan. 20th, 185.5, Mr. Syme states : 

The points that we consider of the greatest imjiortance in the administration of chloro- 
form are : first, a free admixture of air with the vapour of chloroform ; secondlyi we do not 
stint the quantity of the chloroform ; then, and this is most important, we are guided as to the 
effects, not by the circulationi but enti|ely by the respiratiom We also always give diloro- 



240 


{omi in the horizontal position^ taking care that there is no article of clothing constricting the 
neck, and we never continue beyond the point when the patient U fully under the influence of the 
anoeetheticr 

The Commission has demonstrated that the aim of the surgeon must be to give chloro- 
form so that the blood-pressure should fall regularly throughout the whole administration, and 
that the blood-pressure can only be kept free from irregularities by absolute regularity of the 
breathing. The chloroform must therefore be inhaled in such a way that the breathing 
is natural and regular throughout. Feeling the pulse during chloroform inhalation is no guide 
whatever either to the blood-pressure or to the one thing necessary for safety, which is 
to keep it regular ; and it has been shown above that the pulse is of no value as a sign of 
approaching danger, since it is only affected dangerously (a) when the respiration has been inter- 
fered with or (/>) by an overdose. Lastly, in order to keep the breathing i egular, the whole of 
the administrator’s attention must bo concentrated upon this point alone ; and it is therefore 
clear that if, as is now recommended in most of the text-books, part of the chloroformist’s atten- 
tion is to be given to the pulse, an important element of danger comes into the administration. 

We can no longer contend, with regard to chloroform, that the results of clinical ex- 
perience and of ox})erimentul research do not agree. The investigations of the Hyderabad 
Commission have brought to light a strikingly precise and comj)lete agreement between both. 
1 have stated in Tuk Lancet of April 5th, IbUO, that the late Mr. Syme’s and my own form 
a continuous series amounting to more than 45,000 cases of almost daily (and often several 
times a day) chloroform administration, extending from 1647 to 161)0, in which the respiration 
alone was taken as a guide, without one death resulting. Mr, Roger Williams has proved in 
The Lancet of February 6th, 1600, from the statistics of one of the largest hospitals in 
Loudon, (which, ho says, may be accepted as reliable averages of all the London hospitals), 
in which the pulse is taken as a guide, and is carefully watched as well as the respiration that 
the deaths amount to one in every 1,230 administrations. Wo thus see that in a long series of 
45,000 cases, extending over 40 years, in which the chloroformist's attention was concentrated 
on the respiration alone, and in which the chloroformists were students, there were no deaths 
at all ; while in another series of 12,306 cases, in which a part of the chloroformist’s attention 
was devoted to the pulse, and in which the chloroformists were specialists (anaesthetists), there 
wore no loss than 10 deaths, — a fraction over one in every 1,250 administrations. These clinical 
results correspond with the conclusions arrived at by the Hyderabad Commission, and are 
sufficient to show what a tremendous difference to the patient the mere method of administra- 
tion may make. One of the London jounials, the St. Jameis Gazette, recently published an 
article on the question “ Is Chloroform Safe ?” and answered it by saying, “ It depends upon 
who gives it.” We now know that it does indeed depend upon who gives it, but we also 
know that any intelligent third or fourth year’s medical student may be trained to give it 
safely, so as to do good without the risk of evil. 

1 think I have shown that the Hyderabad Commission has proved Syme’s principles 
to be true. The rationale of the proof and the keystone to the work of the Second Com- 
mission is to be found in the discovery of the safeguard action of the vagus nerve, and in the 
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thorough comprehension of the significance of this fact As soon as this was demonstrated, 
it became clear that chloroform and shock were not associates but incompatibles, and that 
the supposed capricious action of chloroform upon the heart was due either to the stimulatmg 
effect of concentrated vapour upon the nervous system, or to the effect of asphyxial blood upon 
the nerve centres, resulting in the exclusion of the poison from the system, and not the direct 
effect of the absorbed poison upon the heart or its nerves. 


APPENDIX TO ARTICLE IN THE LAXCET OF JUNE 21st, 1890, 

BY Surgeon-Major LAWRIE. 

The above paper was written before the Glasgow Committee's criticism appeared in 
the British Medical Journal of the 14tli instant. I lose no time in exposing the Committee’s 
fallacies, as I am obliged shortly to return to India. 

The first point to notice in the Glasgow Committee’s remarks is their reference to the 
paralysing effect of chloroform vapour on the muscular tissue of the heart. “ Chloroform 
vaj)our has a paralysing effect upon the muscular tissue of the heart, and indeed upon all kinds 
of protoplasm when directly applied. When the heart of a frog is exposed to the direct action 
of chloroform vapour ‘ it became rapidly weaker till it ceased beating.’ ” The accuracy of this 
point may 1 m 3 conceded us far as it goes. It is only necessary to supplement it by stating 
that this paralysing effect is never sudden, but always gradual, “ As regards the action on the 
mammalian heart,’' the Glasgow Committee performed artificial respiration by pumping air 
saturated with chloroform into the lungs of rabbits and dogs through an opening in the trachea. 
“ It soon became apparent that when chloroform is given in this way there is at once a most 
serious effect upon the heart ; the rifjht ventricle almost immediately begins to distend ; the heart 
presently stops, with the right ventricle engorged with !)lood.” It is evident from this descrip- 
tion that the serious effkit ui)on the heart is not caiwed in the heart itself. The distension of the 
right ventricle must mean damage to i\w circulation through the lungs. It is the first effect 
of stasis in the lungs. Sir Joseph Lister has shown [vt'de Professor Roy’s paper in the Journal 
of Physiology^ vol. ii., p. 323) that when chloroform is applied directly to the web of 

a frog’s foot stasis immediately takes place ; and the same effect is undoubtedly produced in 
the same manner in the lungs and is sufficient to account for the ventricular engorgement 
which the Committee observed when they pmnped air saturated with chloroform into the lungs 
of the rabbit. It is incorrect to imply that driving chloroform into the lungs brings it into 
direct contact with the heart, or that the process of pumping in the chloroformed air elimi- 
nates respiration from the inquiry.* If respiration is not to bo taken into consideration in]^this 
way of giring chloroform, we should first require to have it proved that the air driven into the 
lungs is sufficient, or sufficiently free from poison, to keep up the respiratory function 
independently of the action of the chloroform. Air saturated with chloroform cannot do this* 
In any case, the fact stated by the Committee— that the right ventricle was first affected by 
distension in their experiment — is proof that it was due to something outside the heart, and not 
to any direct action upon the heart itself. 

[ * In Expeiiment S4 there arc two oheenratioas of chloxofonn administration in which reipixation as a factor is 
eliminated fick 11 and 17.] t 
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( The OlaegoW eek ua to believe tibat, when air flMit!il«led willi efher was 

pumped into a rabbit’s InngSi minutes teere occupied in proiueing mnaetheim*\ and that 

it **inay be given for an indefintte period without interfering wi& tiie heart At the end 
of an hour’s pumping the heart was beating as vigorously as at first It is oontiary to all 
edbperienoe that twenty minutes should be occupied in anmsthetising a rabldt by means of mr 
saturated with ether pumped into the lungs. The Hyderabad Commission made many eaperi* 
ments with ether, from among which I have selected two as examples of its effeet. In the first 
manometer No. 106, a pariah dog weighing 25 lb., the tracing of which will be published as 
soon as possible, the administration of ether on a saturated sponge in a fairly close-fitting cap 
was commenced at 9h. 46m. 10s. on Nov. 21st, 1889. The blood-pressure rose immediately. 
It began to fall again at 9h. 46m. 30s., and continued to do so till death. At 9h. 47m. the 
cornea was insensitive. At 9h. 48m. 408. there was rattling in the trachea. At 9h. 5Qm. 
dOs. the respiration was slow and shallow, and it stopped at 9h. 51m. At 9h. 52m. 80s. the 
pulse became imperceptible ; artificial respiration was kept up, and the dog’s body was invert- 
ed until 9h. 57m. The thorax was then opened, and the dog was found to be dead. The 
artery was cut and the pressure fell to zero. The whole experiment lasted ten minutes and 
fifty seconds, and any one who chooses to examine the tracing can verify this description of 
what occurred. The second experiment took place on Nov. 26th, 1889, on two monke3n3 weigh- 
ing 4 lbs. each. Nos. 129 and 180. In the first monkey, a measured quantity of chloroform was 
pumped into the lungs through an opening in the trachea by artificial respiration, much in 
the manner described by the Glasgow Committee. The inhalation was begun at 4h. 2m. 37s. 
lOoc. of chloroform were used in divided doses, and the heart stopped at 4h. 10m. 55s. 
The other monkey had ether in the same way. The inhalation was commenced at 4h. 2m. 
24s. 15cc. of ether in divided doses were employed, and the heart stopped at 4h. 12m. 20s. 
In the chloroform experiment lOco. of chloroform freely diluted with air killed a monkey in 
eight minutes and eighteen seconds. In the ether experiment 15cc. of ether freely diluted 
with air killed a similar monkey in nine minutes and fiftyn^ix seconds. The difiFerence corre- 
sponds with the recognised difierence in the strength of the two ansssthetics in the ordinary 
practice of surgery. With reference to the Committee’s statement that the heart was beating 
as vigorously at the end of an hour as at first, we are not told whether there was any natural 
respiration when the ether administration was stopped, or even whether the animal was alive ; 
and in the absence of reliable information on these points we cannot consider this experiment 
trustworthy. Either the ether which the Committee employed had lost its strength, or else 
the Committee fell into the error of supposing that because the heart was still bisating the 
ether had not interfered with its action. 

The some vigorous action of the heart after prolonged ansesthesia, brought forward by 
the Committee in favour of ether, recently came under my notice with chloroform. On May 
28th, 1890, air saturated with chloroform was administered to a rabbit in my presence, in 
precisely the same way as that described by the Glasgow Committee. The administration 
was begun at 12h. 59m. 408. At Ih. Om. 20s. the inhalation was stopped. There was no 
return of natural breathing, and the blood-pressure had Men nearly to aero. Artifioial 
reqphwtkm was eosomeiioed at Ih. Qm. 80 b., and oonttnued iiU Ih. Sm. 5b., when 'iie artery 
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mm cirt and the mm thrown adde dead. Tho thorax was opanad at Ih. &u 50«4 iad 
the heart was seen by ssTeial oompetent obssrasrs ** beating Tigoroady and rhythmieally \ 
At lh« 15i&n it is noted, heart still beating rhythmioally : auricles and Tentrioles both 
ocAtraeting strongly, bat the aoti<»i at the ventriole is intermittent ”« At 2h. 5m«» one hoar 
after death, the anricles were rhythmioally beating ; the ventrioles were still. This oontinned 
till 8 o’clock, two hours after death, after which no more notes were taken. In the face of 
these facts we cannot accept the vague statements of experiments which the Glasgow Gom* 
mittee first brought forward in 1879, and have repeated without confirmation in 1890. 

The next part of the Glasgow Gommittee’s paper deals with the manometer experiments 
of the Gommission. 1 may observe that in all the manometer experiments of the Gommission 
every event which is marked in the Ludwig tracings was written on the tracings, as the drum 
revolved, at the time it actually occurred. The Gommittee says : — ** In the first place, in 
Experiments 103, 119, and 157 we have sudden ‘ falls of pressure, and opposite some of these, 
not all, there is the note, * holding breath’. But these sudden fulls of pressure are not con- 
fined to occasions when the animal held its breath.” 

This must mean, if it has any meaning at all, that some of the sudden fiills of pressure 
in tracings 108, 119, and 157 (which will shortly be published) are not accounted for, and 
are due to some effect on the heart which the Gommission overlooked. As a matter of faot, 
all the sudden falls of pressure in the three tracings were due (1) to holding the breath ; 
(2) to struggling, which interferes with respiration ; (8) to asphyxia ; or (4) to electrical 
stimulation of the vagus. This is clearly stated on the tracings, and the Glasgow Gommittee 
ought not to have endeavoured to make a point by omitting to say so, in describing the 
inferences which they think may be drawn from any of these sudden falls. 

The Gommittee proceed : Turning to experiments referred to in section 12,* where 
the breathing was artificially interrupted, we have been astonished to find that the traces do 
not bear out the statements of that paragraph.” It is impossible in this short abstract to 
follow the Glasgow Gonunittee through the quotations which are put forward as fsets” to 
substantiate the assertion that the tracings do not bear out the statements in section 12. 
The complete report — with the whole of the tracings taken by the Commission — will shortly 
be publi^ed, and an examination of those tracings which the Glasgow Committee refer to 
will show that their assertion is inaccurate. One example of their inaccuracy must suffice. 
The Gommittee states at Fick 7 (Experiment 150) we have * mouth closed,’ but there is 
scarcely any effect on the blood-pressure, and very little on the pulsation.” It is distinctly 
shown on the Ludwig tracing that Fick 7 began at 12h. 17m. 12s. and ended at 12h. 17m. 4Qs. 

* Section 12 ia M foUowa :->.OoiDplete, or alinost complete, aepbjzJa, ae by forcibly doting the note and month, or dodiig 
the tmchieal tube after tracheotomy hae an effect aimilar to, bat more marked than, that produced by holding the bient^ 
end theduoacterof the trace oorreaponda predaely to that prodooed by Mtatioii of the peripheral end of theent ragna. The 
priwniT fdlls VEtnmUj mpidly, aometimee almoet to aero, aiid the heurt'a action hecomea ezceaaiTely alow or, ereii atops for s 
few If the Vkk trace of Eapeiime&t 14Sbe oompared with the photographic leprodactlon of traceAof tkeGlaegow 

Oomiiittee^ it win be aeen that Uiey aie identica], and that the alow action of the heart with great faU of pieaeor^ which 
te Qiaafew CoomiiMie ilWftiiAedto aone eapekiew ictta el 
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The monih and nose were not closed till 12h. 17m. 35g.— just five seconds before the end 
of, land therefore too late to produce any marked eflfeot in, the Fick reading. But the 
effect is well shown in the continuation of the observation on the Ludwig manometer. The 
Glasgow Committee have had every possible opportunity of examining the original tracings, 
and an inaccurate quotation such as that which I have called attention to is no less misleading 
than it is, from a scientific point of view, indefensible. 

I make no comment on the comparison of the Commission’s Experiment 148 with 
the Glasgow trace. All the tracings of Experiment 148 are published above, and anybody 
can form his own opinion about them, and about the Committee’s observations on them. 

The Committee next confuse the fall of pressure due to ordinary chloroform inhalation 
with the fall due to interference with the respiration. The Hyderabad Commission have 
stated that the fall of pressure and slowing of the pulse, from either involuntary holding of the 
breath or from asphyxia in chloroform inhalation, are due to vagus stimulation, reflex or 
direct. The Commission has given no opinion as to the cause of the fall produced by diluted 
chloroform alone. It is obvious, from all their experiments, that the effects of chloroform 
are first exerted upon the nervous tissues, the vaso-motor centre is very soon involved, the 
respiratory centre becomes paralysed, then the muscular tissues become affected, and last of 
all the heart. The fall of blood-pressure becomes dangerous if pushed to the point of paralysis 
of the respiratory centre. After this point is passed, if the i)oisoning with chloroform still 
continues, the fall becomes much more rapidly dangerous; the nutrition of the heart is 
profoundly interfered with, and the deprivation of oxygon produced by the paralysis of the 
respiratory centre causes it to gradually cease to act. The Glasgow Committee contend that 
“ when chloroform is pushed, whether the mouth and nose bo hold or not, the blood-pressure falls, 
and there is the additional fact that this seems to depend very little on the action of the vagi 
In support of this contention — which the Hyderabad Commission do not altogether dispute — ^tlie 
Committee quote from Fick readings 3 and G of Experiment 151. But Fick 3 of No. 151 is 
a reading during simple smothering, the vagi being intact. The effect of the smothering is to 
almost immediately lower the pressure about 25 millimetres, and to slow the pulse from 72 to 
31 per minute at the same time. After the vagi are cut, when asphyxia is again produced by 
smothering {vide Fick 6), the effect is to accelerate the pulse to 105 per minute, while the 
pressure only falls about 5 millimetres. This difference is most assuredly due to the division 
of the vagi, and yet the Committee assert that the slight fall with rapid pidso in Fick 6 is 
“ t]i£ true asphyxia curve ”, and depends ‘‘ very little on the action of the vagi ”, In this con- 
nection, it may bo well to notice what the Galasgow Committee have to say with regard to 
atropine. The Committee refer to the Hyderabad Commission’s discovery of the safeguard 
action of the vagus, in chloroform poisoning, and remark that when the inhibitory action of 
the vagus is brought into play less chloroform is conveyed to the nerve centres ; and, further, 
if vagus irritation ceases, or the nerve becomes exhausted, the heart “ bounds on again, and 
the blood then becomes very quickly saturated with chloroform, and an overdose is at once 
conveyed to the nerve centres ”, The Committee continue : “ This ingenious view has much 
to support it ”, and “ it undoubtedly explains the beneficial action of atropine as an adjunct to 
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chloToform administration. The action of atropine is to paralyse the vagns and prodnoe the 
same dangerous condition as when the nerre is exhausted. If the Committee regard the 
efieot of atropine as beneficial they must intend to convey that the inhibitory action of 
the vagus is a danger in chloroform administration when atropine is not used, f>*, that 
the normal action of a healthy nerve is dangerous to life. Tlie greatest living physio- 
logists are agreed that the inhibitory action of a nerve like the vagus is not a danger 
to the organ inhibited, and the Hyderabad (Commission goes a step further and shows 
that it may bo a safeguard to the organism in poisoning by an ann?sthetic. If the views of 
the Glasgow Committee are right, then a j>atient is in much less danger with the pulse at 106, 
carrying 105 atoms of chloroform to the medulla in a minute, than he is when the pulse is 81 
and only 31 atoms of chloroform are being conveyed to the medulla in a minute. This is 
manifestly an absurdit}-. In actual practice the amount of atropine employed as an adjunct to 
chloroform administration would probably be so small as to bo immaterial ; but, if it produces 
any eflFect at all, it must be to do more harm than good, 

• 

The Glasgow Committee s tracings have been reproduced in the British Medical 
Journal. They are given above for the sake of comparison with tmcings 143 and others of the 
Hyderabad Commi^'^ion. The Committee state that in the experiment which furnished Tracing 
V the chloroform was administered •* by a cloth saturated with the agent being hold over the 
mouth and nose.’' Thii^oxactly boars out the conclusion of th<^ Commission. The animal got 
chloroform with insufhcient air, and the ‘ Cilasgow trace which the Ilycb^rabad Commission 
produced over and over again in their experiments, was duo to the stimulation of the nerve 
centres with asjdivTLial blood. It only remains to add that the (Jlasgow Committee’s remarks 
on the condition of an animal Mhose pressure is “ minus ” r(M|uiro exi)lanation. As they shind, 
it looks as if the (V)mmitte(' w(Te dc'^crildng the existoncc^ of ])uls<^ and respiration curves, as, 
indeed, they are represented in Trace C, beh»w the basement or true zero lino, the lino of no 
pressure, v>hich is, of course, an im])Ossil)ility. The animal in Trace C was never in any danger 
except from the improper manner in which the chloroform was administered to it. It did not 
die : and the C’ommittee's argument about the danger of eldoroform to the heart, which is 
based upon the faulty tracing, has its foundation, not in physiology, but sohdy in imagination. 

In their practical conclusions the Glasgow (Committee say ; “ Wo think the Ilyderaliad 
Commission attach too much importance to one common mo(l(^ of death— failure of the respira- 
tory centres ; and while w'e agree generally with their conclusions, which in many respects are 
similar to our own, we consider it unwise and unsjife in practice to pay no attention to the state 
of the circulation, and to observe respiration alone. We also c^onsider it unwise* to convoy to 
the public, even through the profession, the notion that the administration of chloroform is a 
proceeding in which there is j)n4ctically no danger.” The statistics 1 have given olsowhero 
prove the great danger in chloroform administration of dividing the attention between the 
respiration and the circulation. For this danger the report of the Glasgow Committee in 
1879 must be held to be very largely resfionsible. The Committee now argue as if it were 
wise to keep up the unfounded dread of chloroform the public have acquired, so that whenever 
an operation is about to be performed under chloroform the patient is nearly frightened to 



dealib beforelukd, not by the opmttion itself, bat hy tenor of the elbdk of the 
!nie Cennmittee state finally : ^^As a scatter of oommon pmde&oe, and eqiecially seeing that 
when respimtion fiuls we can employ artificial means for its restoration, while if the heart 
fidlsy little or nothing can be done to avert a fatal issoei it is incumbent on every one giving 
chloroform to watch both the pulse and the breathing.” If this statement is to be acted npont 
It is incumbent on every one giving chloroform to watch the pulse for heart failuie, in ^ite of 
the &ct recorded hy the Committee themselves, that if the heart fails, IMe or nothing can be 
done to avert a fatal issue.” No teaching could possibly be more dangerous. Without deny- 
ing that there may be conditions of the heart in which failure and death may occur in some 
of the processes connected with chloroform administration, just as a man with a certain 
condition of heart may die of heart failure from running to catch a railway train, the Hyder- 
abad Commission has shown that sudden death from stoppage of the heart is not a risk of 
chloroform itself. If the surgeon is to have constantly before his mind the fear of the sudden 
death of his patient by stoppage of the heart from the mere action of chloroform, and is to 
carefully watch the pulse for signs which can only have a fatal issue, it is a physical impossi- 
bility for him to concentrate his attention on the warnings given by the respiration, by which 
alone danger can invariably be averted. The teaching of the Glasgow Committee is wrong, 
and if it is followed deaths with chloroform will be as inevitable in the future as they have 
been under the same circumstances in the past. 


LETTER FROM Dr. R. M. WHITTINGTON LOWE, m.d. 

To THB Editors of “ The Lakoet ”. 

Sirs, — I have read with much interest and pleasure the paper by Surgeon-Major 
Lawrie in your last issue, and only on one point do I venture to point out what appears to me 
to be an injustice to the teaching of our great master. Sir James Y. Simpson. Surgeon-Major 
Lawrie very properly tells us how Professor Syme used to insist on watching the respiration 
and taking that as the guide in the administration of chloroform ; but Sir James Simpson 
was strong on this point as early as 1847, that is to say, very soon after he began to use 
chloroform. The Hyderabad Commission, generously conceived as it was, and ably carried out 
as it has been, has, nevertheless, done little more than to impress on the world at large what 
we have been taught at Edinburgh University since Simpson introduced chloroform smne Gfty 
years ago. Yet how slow has been the spread of that teaching. When did we ever see a 
stethoscope used in examination before the administration of chloroform ? When did we ever 
see an inhaler, except those on Simpson’s lecture table ? — for which he had an affectionate 
regard as valuable antiques. When have we seen the (Moroform measured out drachm by 
drachm P Does not all this go to show that we were correctly taught to judge by the tespirar 
tion and the ^eota of the chloroform and not by any rule of thumb as to tiie condition of the 
heart and pulse or quantity given of chloroform ? It has often occurred to me that supposuig 
one had a case of sudden death while a patient was under the infiumioe of cUorofom (not 
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neoeflsaiily lihemiittof the imBB&etio-— Simpson on AnmsSiesia) faofo in England, pfobaUy 
tihe fimt question of ihe ooionerirould be ^^Howmudh oUomfonnura8adniim8teTed?’’aad]iow 
supremely ignorant and careless one urould be considered if the answer given was ** I have no 
idea yet it would be a proper reply to a foolish question. This is a point deserving attention. 
As regards disease of the heart, Simpson says : Valvular diseases are those which are most 
generally considered and insisted on as contraindicating the use of chloroform. But this is 
ireally not the case, for that agent may be employed without the least danger in any valvular 
disease except, perhaps, disease of the mitral valve • • . There is, perhaps, no necessity for 
this dread after all.” (Simpson’s ** Ansesthesia,” p. 182.) No one can cherish a more grateful 
femembrance of the teaching and personal kindness of Professor Syme than 1 do, but it was 
Bimpson who taught us, first, that chloroform should be pure ; secondly, that in administering 
tt there should be a free dilution of the vapour with atmospheric air ; thirdly, not to use an 
inhaler ; fourthly, to watch the respiration and beware of stertor ; and, fifthly, not to think 
about the quantity but the effects of the chloroform. 

I am, Sirs, yours truly, 

Brighton, June 24ih., 1890. R. WHITTINGTON LOWE, m.d. 

LETTER FROM SuRaEON H. CHESTER NANCE. 

To THK Editors of ‘‘The Lancet”. 

Sirs, — 1 can emphatically endorse all you say in your admirable annotation of May 3rd 
that “ the ever-recurring paragraphs detailing death while under chloroform too ofton escape 
due notice ”. During an experience as house surgeon extending over nine years in this and 
other hospitals it has fallen to my duty to administer anaesthetics constantly. As I take the 
deepest interest in the subject, I hope, I may be excused for writing to you on it. It is 
surprising to me how any one can advocate chloroform in preference to ether. The number of 
deaths from chloroform recorded in The Lancet and British Medical Journal during the last 
three years is as follows : Sixteen in 1887, twelve in 1888, and thirteen in 1889. In the 
same period the same journals only record three deaths from ether, and but one from nitrous 
oxide. Again, in a report published in Paris, mentioned in your issue of April 12th, accidents 
due to chloroform are 1 in 1,236, whereas those from ether are but 1 in 12,581 oases. These 
facts surely speak for themselves. 

In The Lancet of Oct. 19tb, 1889, under the heading “ Deaths under Chloroform 
you describe two deaths,— one in a child four years old. When resident medical officer at 
Pendlebury I administered ether to children from six years upwards, and can testify to its 
safety for ihem^ and in the hospital here I have administered it to old men up to eighty in 
long cases of litholapaxy, and to men of eighty-two in strangulated hernia. 1 am told by 
the staff here that at no period of its history has a death been recorded from an ansBsthetic. 
IHher is always used, unless contra-indicated. The chief reason why chloroform is given is 
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because ether is far more difficult to administer than chloroform. If ether is to be given 
with satisfaction it requires an inhaler, and special instruction in the use of it. But ether 
always gives warning of danger, whereas under chloroform there may be sudden death. 
One point I would strongly urge is always to have a sufficient variety of anaesthetics on 
a table at hand, chloroform, ether, A.C.E., cocaine. Latterly I have added Messrs. 
Bartts’ improved Clover’s gas and ether inhaler. No one can predict with certainty 
which anaesthetic the patient will take best. I have had cases (generally alcoholic patients), 
where ether caused struggling and great excitement, but after Clover’s inhaler had been 
changed for Ormsby’s, with A.C.E., the patient quietly and quickly went under ; m suc/i 
caseft chloroform should never he given. It is a pity that A.C.E, is not more generally used j 
for when ether fails to stimulate it is most valuable, as in ovariotomies and such like 
protracted cases. 

In reference to*^ inhalers, I am sure none can compare with Clover’s for ether ; with 
it the exact percentage required can be given. Orms1)y's is the best for A.(\E. mixture, 
Messrs. Bartts have lately made a hinged cap for me, whereby the mixture can be poured 
on to the sponge without removing the caj), for small quantities constantly put in are 
preferable to a largo amount. Caution is needed in using the inhaler, for the alcohol and 
ether volatilise more rai)idly than the denser vapour of chloroform. F or chloroform admin- 
istration nothing is better than a double piece of lint, whereby j)lenty of atmospheric air 
can bo given. 1 have noticed five deaths whore metal inhalers have been used. I have 
witnessed several deaths from chloroform, though 1 am thankful to say that none have occur- 
red in my own i)ractice, and 1 am convinced that they were due to an overdose and not due to 
shock from too little being given ; and J would hero draw attention to Dr. Ilewett’s admirable 
letter in your issue of March 1st, wherein he mentions a case of 8ynco]>o arising from deep 
chloroform narcosis, where ho went on with ether for the remainder of the operation. Surgeons 
now-a-days exi)ect too much from ana‘sthetics. l^rofound ana.‘bthosia cannot be maintained for 
li or 2 hours without great danger occasionally, and there are many cases where it suffices to 
keep the patient on the verge of returning consciousness, e,g.^ sequestrotomies and similar 
tedious but not delicate operations. 

1 would conclude by saying that other should be always given between the ages of 
sixteen and sixty, except there is some good reason to the contrary, such as pulmonary, renal 
or arterial disease. Never, upon ang consideration whatever^ should chloroform be given for 
dental cases. It is always dangerous in the sitting posture for anything. I must apologise 
for taking up so much of your valuable space, but my excuse must be the immense importance 
of the subject and the alarming mortalify of chloroform. 

I am, Sirs, your obedient sen^ant, 

H. CHESTER NANCE, 

Norwich and Norfolk Hospital, House Surgeon. 

Norwich, June 9th, 1890. 

Vide The Lancet^ vol. ia., p. 1220, 1888. Dr. Squire’s communication on his giving ether for Liston in 1846, and 
his first inhaler. 
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LETTER FROM Db. Wm. 50RR00KS, paoa 

To THE Editors of "The Lancet/^ 

Sirs,— ‘The subject, of ansesthetios is of snob importance to surgeons that every detail 
in its administration must be criticised and discussed as thoroughly as possible. In your last 
issue Mr. Nance in a very practical letter writes, among other things, of the use of Clovers* 
inhaler. My own experience, after five years of surgical hospital residence, leads me to 
think unfavourably of that form of inhaler. In producing anaesthesia with it, the patient 
breathes and rebreathes his own exhaled air. Even if tlie air in the bag is constantly 
changed one frequently notices the marked cyanosis of the patient, denoting carbonic acid 
asphyxia as well as etherisation. This has been very forcibly impressed on me lately by a case 
of operation for intestinal obstruction, where the ether was given in a Clover’s inhaler, with 
a free admixture of air. Towards the end of the operation there was marked cyanosis, and 
after partially recovering the patient died. It is bul fair to state that the patient was sixty- 
three years of age, that the annpsthesia lasted nithor over an hour, and that the pulse before 
the operation, although fair, was somewhat irregular. Allowing for all those factors, the 
opinion of the anrosthetist that the constructive fault of the inhaler contributed in no slight 
degree in causing death was concurred in by those present at the operation. 

1 am, Sirs, faithfully yours, 

Wm. UOllROCKS, r.R.c.8. 

Bradford, July 7th, 1890. 

LETTER FROM Dr. C. RUATA. 

To TiiK Editors of “The Lantet.” 

Sirs, — I have road with great inUwest the Report, of the Second Hyderabad Chloro- 
form Commission, published in TIu' Lanevt of June 2 1st, last, the more so as their results agree 
with those which I obtained after a long soriiH of experiments wliich I performed during the 
years 188.>8f , with the object of ascertaining the “ influence of an^cstheticH on the respiration.” 
The manner of experimenting which I adopiod was mainly as follows. A canula is connected 
by elastic tubes at one end with a bottle containing pieces of sponge saturated with the 
anaesthetics, at the bottom of which is insert^Ml a tube for pumping the air from without ; the 
other end of the canula is attached to a second canula, inserted into the trachea, and fastened 
to it. Tlio main canula has two tubes springing from it, one communicating with the air 
and the other with a stylo which writes on a revolving drum. The mouth of the tube com- 
municating with the antesthetic has a valve which opens during inspiration and is shut during 
expiration ; the tube communicating with the air has a valve which opens during expiration 
and remains shut during inspiration. This arrangement allows the air passing through the 
sponge charged with the amcsthetic to enter the lungs, and does not permit the air expired 
to enter the bottle containing the amestbotic. 

I enclose two pamphlets, which I published in 1886, in which you may see some selec- 
tions from the different tracings I obtained. The conclnsions I arrived at by this mode of 
82 
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e|q>6rim6nting with ether and ohlorofoim are the following : — (1) Thai by administering the 
two anaesthedos in the manner explained, when death ensues, it is always caused by arrest 
firMy of the respiration, and afterwards of the heart. (2) That in all the animals experi- 
mented upon (rabbits, cats, and dogs) chloroform acts most powerfully on the respiration, 
stopping it most surely if, after the animal is completely anaesthetised, the anaesthetic is 
continued for some time. (3) That ether stops the respiration in frogs, rabbits, and cats, but 
its effects are more fugacious, so much so that the respiration is easily restored by employing 
the direct artificial respiration. (4) That ether does not stop the respiration of dogs, even 
after a continuous and prolonged administration of three hours. (5) That for these reasons 
ether is much safer than chloroform. This applies to animals ; and if the same laws are 
applicable to man, I agree entirely with the Hyderabad Commission on the practical point 
that it is not the pulse that is the guide in anaesthetising, but the respiration. In regard to 
artificial respiration, that which I call direct artificial respiration consists simply in applying 
the mouth of the operator to the tube which communicates with the trachea, and expiring and 
inspiring, just as in normal respiration. This tube, as I noted before, has a lateral tube 
communicating with the external air, thus establishing a lateral current by which all the air 
contained in the lungs is pumped out by the operator’s inspiration, and new pure air is pumped 
into the lungs with his expiration. By this means I succeeded in resuscitating all my dogs 
and rabbits, even though three minutes had elapsed after stoppage of the respiration ; while 
with any other method of artificial respiration until now employed {indirect)^ not only could I 
not succeed in such cases, but in the great majority of cases the indirect artificial respiration 
was unsuccessful, even directly after the stoppage of respiration. To me this kind of direct 
artificial respiration was the most striking feature of my experiments, and I proposed to 
adopt it in the case of man. This is very easily done by a metallic canula, conveniently 
curved at one end, like a common catheter, and provided with a lateral tube in order to 
establish the lateral current. The curved end, which is cut like the end of a Ferguson’s 
speculum, is easily introduced into the trachea through the mouth and by the operator applying 
his mouth, — or, if objectionable, a pumping apparatus, — to the other end, natural respiration is 
imitated. I am quite satisfied that no other form of artificial respiration equals this ineflScacy. 
As to the manner of its physiological action, 1 think that not only by this method is all the 
ansesthetic in the lung directly pumped out, but that the pure air pumped into it has a vivify- 
ing action on the nerve endings in the lungs, which are paralysed before paralysis of the 
centres of respiration sets in. 


July 2nd, 181I0. 


I remain. Sirs, most faithfully yours, 

0. RUATA, 

Prof, of Materia Medica to Perugia University. 
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LETTER FROM JOHN HOPE POTTER, Esq. 

To THE Editors of “The Lancet.” 

Sirs,— Siirgeon-Major Lawrie, in his interesting article published in The Lancet of 
June 21st, evidently contends that the sudden fall in blood-pressure daring the administration 
of chloroform is invariably due to a condition of asphyxia, though he admits a gradual fall 
in blood-pressure, unattended with danger, during the administration of this ansesthetio* 
I would call the attention of your readers to the fact that the condition which often ensnes 
on the administration of chloroform is a condition of which the most apparent visible sign is 
pallor ; asphyxia is not, however, accompanied with pallor, but with distension of systemic 
veins consequent on contraction of small arteries, and increase of arterial tension (blood- 
pressure raised), which condition again is consequent on stimulation of the vaso-motor centre 
due to circulation of blood deficient in oxygen. Now, this sequence of events in asphyxia 
produces a \isible condition of lividity quite different from the pallor which is the danger 
signal in chloroform administration. In fact, to recapitulate, wo have in asphyxia increased 
blood-pressure with lividity ; in fatal chloroform narcosis we have the opposite condition, 
diminished blood-pressure with pallor. It appears to mo the contention of Surgeon-Major 
Lawrie — that the danger is due to asph}^a, and not to tlio direct action of the chloroform 
vapour — is quite erroneous. 

I am, Sirs, yours truly, 

JOHN HOPE POTTER, 

Cullompton, Devon, June 30th, 1890. 


LETTER FROM Suroeon-Major EDWARD LAWRIE. 

To THE Editors of “The Lancet.” 

Sirs, — In The Lancet of July 19th, 1890, Mr. John Hope Potter states that the 
Hyderabad Chloroform Commission contend that “ the sudden fall in blood-pressure during 
the administration of chloroform is invariably due to a condition of asphyxia,” This is a mistake. 
In the paper published by me, as President of the Hyderabad Chloroform Commission, in TJie 
Lancet of Juno 21st, 1890, it is contended that the sudden falls of blood-pressure, with pallor, 
which are observed during the improjHfr administration of chloroform, are invariably duo to 
reflex or direct stimulation of the vagus, and that while this action of the vagus is in itself a 
safeguard, it always show’s that the anaesthetic lias been administered with insufficient air. The 
Hyderabad Commission has proved that asphyxia is only dangerous in chloroform adminis- 
tration because it makes people gasp. Mr. Potter further asserts that asphyxia raises the blood- 
pressure, and that this is consec|uent on stimulation of the vaso-motor centre. The tracings of 
the expeiimenis of the Hyderaliad Commission demonstrate that, contrary to the hitherto 
accepted belief, asphyxia lowers the blood-pressure. This is in strict accordance with what 
common sense would lead us to expect. It is evident that to raise the blood-pressure is to benefit 
the organism, and it cannot be said that asphyxia is ever beneficial. Mr. Potter is in error in 
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supposing that asphyxia stimulates the yaso-motor centre. It is more probable that it paralyses 
that centre and stimulates the respiratory centre. Chloroform, on the other hand, paralyses 
both centres. Fortunately, it effects the respiratory centre most deeply first, so that when 
danger of overdosing arises warnings are given by the respiration, whereby that danger can 
invariably be averted. 

The most important result of the labours of the Hyderabad Chloroform Commission has 
undoubtedly been to establish the proof that chloroform has never, under any circumstances 
whatever, a direct action upon the human heart ; and not the least important of the results of 
the Commission’s work consists in the exposure of some of the sham physiology which has 
passed current as genuine for the last ten years. Not to speak of the condition of animals with 
the blood-pressure “ minus,” it is a well nigh irreparable misfortune that a whole generation of 
our profession should have been taught such physiological untruth as that the normal action 
of the vagus nerve is to imperil and occasionally to destroy life ; and it is degrading to refiect 
that one of the main uses to which this false knowledge has been applied in England since 1879 
has been to throw dust in the eyes of the public, when coroners’ inquests are held on the 
victims of chloroform administered in accordance with the erroneous principles advocated by 
the Glasgow Committee. 

I am. Sirs, your obedient servant, 

EDWARD LAWRIE, Surgeon-Major, 
President, Hyderabad Chloroform Commission. 

Hyderabad, Aug. 1890. 


LETTER FROM Db. ARTHUR H. W. HUNT, m.r.c.s., &c. 

To THE Editors of “The Lancet.” 

Sirs,— -I send you a few particulars of a recent death at the Wolverhampton and 
StafiPordshire General Hospital from the administration of ether, in which the patient died 
of syncope, and not from failure of the respiratory function. 

A young man aged twenty was admitted under Mr. Vincent Jackson on Juno 19th 
last. He was a miller by trade, and sought relief from a swelling at the upper and outer side 
of his left leg. He was a stout, fiabby man, and rather anremic. The swelling turned Out 
to bo a chronic abscess. Previously to this he had always been healthy. The abscess was 
opened soon after admission, under chloroform, and another, which appeared a few weeks later 
was opened under nitrous oxide. In addition to these, tw'o other abscesses w^ere opened 
without an onassthetic. 

Last week it was found necessary to again place him under an anaesthetic, in order to 
scrape away some unhealthy granulations, and slit open a couple of sinuses. The house 
physician and assistant house surgeon were present. The house physician pro tern. 
(Mr. Bryett, Loud.) gave ether with a Clover’s inhaler, and the ether was from the same 
bottle as that which had been successfully used for other patients. It was obtained from 
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Bobbins, Oxford-Street, London. Deceased was not deeply nnder ether when I commenced and 
finished the operation, which only lasted two or three minutes. At no time was the ether on 
beyond the mark 3 on the inhaler. On telling the house physician I had finished the inhaler 
was put aside, and I commenced to dress the wound. After breathing normally seyeral 
times deceased moaned, and then turned pale and ceased breathing. At the same time his 
pupils dilated. The tongue was at once drawn out with forceps, and artificial respiration 
begun. The chest was slapped with a wet towel, and hypodermic injections of ether and brandy 
administered. In addition a battery which was at hand was applied. Artificial respiration 
was kept up for forty minutes, but was of no avail. The post-mortem examination was made 
by Mr. Vincent Jackson, at the request of the coroner. There was a considemble layer of fat 
over the chest, and the muscles were paler than natural. Both lungs wore healthy, but there 
were some old adhesions in the right pleural cavity. The heart was unduly covered with fat 
especially at its apex. The right side was dilated and full of blood, the loft empty and contract- 
ed. The walls of the right ventricle were thin. The valves were healthy. The heart muscle 
was very pale and soft. A small piece examined under the microscope showed marked fatty 
changes. The jury returned a verdict accordingly. 

This case is interesting, first, because it is o])posed to the view that death from ether 
takes place from asphyxia ; and, secondly, from its sudden fatal termination, without any 
previous warning, 

1 am. Sirs, yours faithfully, 

ARTHUR H. W. HUNT, m.r.c.s., Ac., 

Wolverhampton, Sept. 2nd, House Surgeon to the Hospital. 


OBSERVATIONS on tho ADMINISTRATION and DANGERS of ANAES- 
THETICS, by James Dunlop, m.d., Surgeon to tho Royal Infirmary, 
Professor of Surgery at Anderson's College, and Medical Examiner in 
Criminal Cases, Glasgow. 

In view ol the recent development of this subject, circulars asking for information upon 
it have l)oen is«iued by TJie Lancet to scientific medical men throughout the world. This cir- 
cular has stimulated Dr. Dunlop to record tho results of his observations on the subject made in 
wards 15, 23 and 24 of the Glasgow Royal Infirmary during the last ten years, and to state 
his opinions thereupon. 

Allowing of unrecorded cases in these wards, the following opinions are based on observa- 
tions of 3,500 cases within the specified period. To produce anaesthesia in this number of 
patients, chloroform has been principally used. In the administration, the drop method was 
adopted. Ether was sometimes employed ; its use by Clover’s apparatus was begun on Ma rch 
8tb, 1882. Its use was greatly dependent on the skill and ability of the assistant, some 
asristants administering the drug with greater skill than others. In a general way ether 
was administered in the proportion of one case of ether to thirty esses of ohlorofomi* JDiher 
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W9S employed preferably in cases of debility from long-standing disease of joints or from 
loss of blood in severe railway smashes or machinery injuries* This drug, however, was 
found unsuitable in operations for hernia, lithotomy, reduction of dislocations, rectal operations, 
and in persons suffering from pulmonary or bronchitic ailments, or addicted to habits of 
ntemperance. 

Referring to the relative dangers of various ansssthetics at the operation or after the 
operation. Dr. Dunlop remarks that “ chloroform is never absolutely safe, no matter how care- 
fully or how skilfully it might be administered. Chloroform is much more dangerous than 
ether during operations ; but after operations ether is more dangerous to life than chloroform 
from bronchitis or pneumonia setting in. It may be said that when pneumonia or bronchitis 
follows, the ether was badly administered. That may have been so. It is much more diificult 
to administer ether accurately than to administer chloroform accurately.” On two occasions 
recently he encountered great difficulty with ether. In one case the breathing had almost 
ceased, and the pulse failed. The young woman’s face had become blanched. She was dying 
not from asphyxia, but from weak heart action. The remainder of Dr. Dunlop’s remarks are 
as follows ; — 

Every intelligent assistant I have had during the last ten years has felt happier during 
an operation when ether was used than when chloroform was administered. I have not seen 
any deaths from ether or chloroform for ten years ; but I have seen many patients both in 
hospital and in private practice in very imminent danger to life during the administration of 
chloroform, the symptoms in some instances being those of impending asphyxia, in others 
those of defective heart action. I have laid down for my own guidance as a surgeon the rule 
never to have chloroform administered to a patient in my own house, even by the patient’s 
own medical man. It is an extremely awkward and painful experience for a surgeon to have 
a death from chloroform in his own consulting-room. 

A patient coming from the country, accompanied by the family doctor to administer 
chloroform in a surgeon’s consulting-room, the patient to have an examination for stone, or 
the excision of a wen, or a reduction of dislocation at the elbow, or the breaking down of 
joint adhesions, is usually in a very unfavourable and unsafe condition for chloroforming. 
The patient is probably hot, anxious, excited, nerv^ous, and tightly clothed, and at an early 
stage of the administration of the anesthetic by the family doctor symptoms of heart danger 
suddenly apj)oar, and death ensues. It is really much safer for such a patient’s life to have 
him rest for a time in a hotel or elsewhere, and to have the anesthetic administered there 
rather than in the surgeon’s house. Under no circumstances, and for many reasons, should 
chloroform be administered by a medical man without at least a third party being present. 
Again, I never now administer chloroform in a dentist’s room in dental cases. There is always 
great danger to life, and deaths have been far too numerous in the rooms of dentists. Besides 
nitrous oxide is so much safer in the hands of dentists than chloroform. 

In the space at my disposal it is not my intention to discuss the general accuracy of 
what is termed Syme’s views on the administration of chloroform, or to consider the cobh 
olwoaa arrived at by the Hyderabad Oommission, which are based on experiments peffoxmed 
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on Indian dogs and monkeys. To help The Lancet in its consideration of the qnestioni how 
to save people’s lives ? I desire to contribute some evidence on the other question, why and 
how do some people die under the influence of chloroform ? 

During the last twenty years in conjunction with my colleague, Dr. Moore, as 
one of the medico-legal examiners for the city of Glasgow, I have had exceptionally favour^ 
able opportunities of acquiring experience of the fatal results following chloroform administra- 
tion. In these years there has been a considerable nmnber of deaths of individuals while under 
the influence of chloroform. The deaths which were made the subject of post-mortem examin- 
ation, took place in the Royal and Western Infirmaries, in the hospital of the Barnhill Poor- 
house, in the operating rooms of dentists and consulting-rooms and elsewhere of private practi- 
tioners in the city and suburbs of Glasgow, within the county of Lanark. A careful study 
of such details as are before me leads me to the conclusion that considering the iX)pulation, its 
numbers and character under medical treatment, and subjected to chloroform, the proportion 
of fatal cases is very small, probably not more than from two and a-lialf to throe per annum. 
Within the last ten years the deaths under chloroform have been more numerous than they 
had been in the previous decade. There have been, however, at least eight or nine deaths 
since January 1st, 1888, and of these seven were the subject of {)osi^mortom examination, 
and in all, so far as I can learn, it was the respiration that was watched and not the pulse. 
The respiration gave no signs or warning of approaching danger. It was noted that the fatal 
results occurred in the young and middle-aged, not in children or very old men, and in females 
as well as males. It was further noted that some forms of surgical procedure had some pecu- 
liar influence in predisj)Osing to a fatal result, such Jis o])eration8 upon joints, not, however, 
involving the use of the knife. Two individuals died who wore having dislocations at the 
shoulders reduced, one a dislocation at the elbow, and three in breaking down adhesions within 
and about the knee-joint. In no single case was death attributable to nervous shock from 
the operation having been begun or com[>leted while ihe patient was not fully under the 
influence of the ana?sthetic. Some of the deaths which took place while the patiente were 
under chloroform were not directly duo to the poisonous effects of the clrug itself, but to some 
other cause. One death wa<‘ due to asphjTtia from vomited mattt^r (tripe) obstructing the air 
passages. The help present was neither adeqimte nor skilled, and the men lost tluur heads. 
Another was caused by the bursting of a small pouch (aneurysmal) in the brain, a third of an 
aneurysmal pouch in the first part of the aorta, both deaths taking place in the early period 
of the administration and while the patient was straggling. The deaths which are to be 
distinctly charged against chloroform are, according to the post-mortem appearances, divisible 
into two distinct classes. In the one and larger class the ai>pearances are those of death by 
asphyxia — death through the lungs. In the other and fortunately smaller class, the appear- 
ances are those of death by syncope, — death through failure of the heart. The proportion 
is one death from syncope to about twelve from asphyxia. I may mention here tliat I think the 
deaths from asphyxia ought to be to a large extent preventable. The deaths from syncope 
are in most instances beyond the control of the highest skill and the greatest care. In order 
to make these observations somewhat clearer I mention the following : — 

In ihe deaths from asphyxia the right side of the heart was full of liquid blood, not dark 
blood such as is present in asphyxia from drownmg, but blood with a pinkish or magenta 
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firmly contracted and empty, the veins leading to the right side full of blood, the lungs 
bcdiind engorged vrith liquid blood of a dark pinkish tint. A general engorgement of the 
veins of the liver and kidneys, and in some cases petechial spots formed by extravasated blood 
in the serous covering of the heart and pleural lining of the ribs, and the covering of the 
tangs. We find often similar petechial spots in new-born infants, who make a struggle to 
breathe fully and freely, and fail from obstruction by pressure, &c. In the deaths from syncope^ 
or failure of heart’s action, there was found a flaccid heart with all the cavities empty. No 
blood on the right side ; no contraction of the left ventricle. There was blood in the veins ; 
the cav» were distended with blood. In some instances the heart was large, soft, and fatty, 
and its tissue friable. Along with this condition of heart was noted a more or less yellow, 
soft,, fatty liver. In other instances there was no evidence of any disease of the heart or other 
organs ; all that was noticed was a flaccid empty heart, with venous engorgement in the lungs. 
In one fatal case examined by Dr. Moore there was, in addition to the empty flaccid heart, 
complete adhesion all round to the pericardium. Death was due to syncope from failure of 
the heart’s action. Deaths from asphyxia^ or preventable deaths, took place under two dis- 
tinct sets of circumstances. In one set the administration of the chloroform was too long 
continued. The patient was too deeply under its influence from the beginning. There was 
an overdose, the breathing became shallower and shallower, the chest ceased to move, the 
diaphragm and abdominal walls only moving. The face and lips became livid, and death 
ensued in spite of artificial respiration. In the second or other set the patient was placed 
fairly under the influence of chloroform, administered with a due admixture of air, but 
during the operation, owing to the patient appearing to come out from under its influence, a 
further dose was administered, and this dose was excessive, and the patient died. The cause 
of death was asphyxia through the lungs. This is not an uncommon blunder, even in the 
hands of skilled men, and is due to want of care in the administration and the neglect of 
watching the respiration. 

There are some conditions of lungs and other organs which render the administration 
of chloroform specially hazardous, and which increase the risk of death from asphyxia. One 
is a lung or lungs bound down to the walls of the chest and diaphragm by old adhesive bands, 
the patient having had extensive pleurisy. The breathing capacity or volume of the weakened 
lung being greatly diminished, a small or ordinary quantity becomes an overdose. With 
lungs in this condition a very little chloroform seems to embarrass the respiratory organs and 
bring about a fatal result. 

In two dental cases in which chloroform was administered by experienced men, who 
had not, however, examined the chests, and did not know how imperfect and unsatisfactory 
the respiratory machinery was, death ensued early in the administration and rapidly. There 
was no help at hand of a proper kind to save life by artificial respiration. I have known 
humpbacked patients giving great trouble from imperfect breathing apparatus. Another con- 
dition which is embarrassing, but in a different way, is albumen in the urine— Bright’s disease. 
In several of the fatal cases albumen was present in large quantity. Urine should always be 
examined when possible— “forewarned is forearmed.” With kidney action defective in the 
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elimixiation of urea, epileptiform oonvnlsions maj occur and death result. There are almys 
danger and trouble daring the administration of chloroform when albumen is present. To 
prevent death from asphyxia chloroform requires skill, experience, undivided attention, prompt 
action in time of danger, and a suitable method of administration. Anfcsthetics should never 
be administered in a close, crowded, small, ill-ventilated apartment, or side room of a ward, or 
in the lobby of an operating theatre. Neither should there be a crowd around the patient 
witnessing the operation. Several deaths had the fatal result induced or hastened by one or 
other of these conditions. 

Of the apparatus used in the administration of chloroform, based upon the evidence 
afforded by the deaths, Allis's inhaler is the most dangerous. Next in order is the folded 
towel arrangement, and the safest of all is the drop method on flannel stretched on wire. 

Deaths from syncope or failure of heart, are not common. They do, however, occur, 
and, as a rule, early in the administration. A small quantity of conceutnited vapour without 
any air administered to a nervous, timid patient has proved fahil. A healthy, florid-faoed 
young man had chloroform administered to him in private by a surgeon who had gained 
much experience of chloroforming in the wartls of the Royal Infirmary, The chloroform was 
administered on a folded towel, throe or four drachms having been ponnul on. While the 
patient was counting, and vhen he had roaolunl the niimhor twenty-five, his fac(» htmimo at once 
pale and blanched, the pujuls suddenly widely dilated, no pulse wu'^ felt at the wrist. The 
young man was dead. On post-mortem (examination 1 found his heart an empty flaccid bag. 
There uvas no disease of any organ, and no e\iden(‘o of death from asj>hyxia. I have known 
a robust-looking ship captain die under precisely similur cinnmishuicces, and on post-mortem 
examination I found only an empty flaccid heart. Both men had hearts and nervous systems 
specially sensitive to chloroform, and the fatal result c.ould not have boon provided against. 
There is no possibility of discovering beforeliaiid the existtmeo of such a sensitive heart. 
Weakly, flabby, thin-walled, yellow hearts, and hearts hound to the pericardium l)y old adhe- 
sive bands of probably rheumatic origin, are prone to become paralysed very early in the 
administration of chloroform. 

Indian dogs and monkeys, the subjects of experiments by tlie nydoral)ad Commission, 
do not afford the cardiac and pulmonary complications wliich an? ofUui i>r(^sent in jrian, and con- 
clusions based ui)on such experiments, liowever interesting and imjx)ri4int tliey may be when 
view’ed from a purely scientific stan(l[)oint, are of very little [iraetical iiuj)orianco or value as 
guides to us in the safe administration of chloroform to our patients. 

Strange as it may seem, disease of valvcw, hypertrophy of walls, cardiac murmurs of all 
kinds, give no trouble during the administration of chloroform. I know that from experience 
in the operating theatre, and 1 have never found any valvular diseawi in any case of death 
under chloroform, I liave no post-mortem data of deatlis from syncoj^e in the last [>eriod of 
the administration of chloroform. On that jioint 1 have notliing to say. 

In conclusion, I have to state that after thirty years’ experience as a surgeon in hospital 
and in private practice, experience both of the living and the dead, 1 have formed the opinion 
S8 
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ih»t at aid iii]^ and under all oironnutances cUoroform oannot be administered without some 
risk to the patient’s life. That risk, however, may be greatly diminished — reduced to a 
minimum— by an accurate knowledge of the patient’s condition of body and mind and the 
skilful administration of the ansBsthetic, which includes due attention to the pulse, as weU as 
watching the respiration. 

Glasgow. 


LETTER FROM Surgeon H. HERBERT. 

To The Editors of "The Lancet.” 

Sirs,— On September 10th, while performing a lateral lithotomy on an Arab boy, 
about sixteen years old, it was suddenly found that the patient had stopped breathing. Ho 
had been got under perfectly quietly, and he had evidently simply got too much of the ansss- 
thetic. It was still being administered when the stoppage of respiration occurred. Artificial 
respiration, with head thrown back over the edge of the table and with the ammonia 
bottle at the nose, was kept up for, I think, nearly two minutes. The time was not taken, 
however, and it may have boon moro or less. Then very feeble respiration began and gra- 
dually strengthened. At the beginning neither the pulse at the wrist nor heart impulse could 
be felt, but throughout there was a feeble flickering seen in the lines of the carotid vessels in 
the neck. Thus there is no doubt that respiration was mainly affected, and artificial breathing 
was sufficient to bring the patient round. 

I am. Sirs, yours truly, 

Aden, Sept. 17th, 1890. H. HERBERT, Surgeon, I.M.S. 


ANNOTATION FROM TEE LANCET 

We are constantly compelled to record deaths occurring under chloroform, and are 
generally impressed by the fact that the reports furnished are not suflSciently complete. A 
very natural feeling pron\pts reticence as regards the lay press, but when the immense im- 
portance of the matters at issue are considered, there can be no room for hesitancy about 
furnishing the fullest reports to the professional journals. We some months ago, in connection 
with the inquiry conducted by the Hyderabad (Commission, issued a circular to the profession 
individually, and a further circular of in<iuiry was sent to all the hospitals and dispensaries 
requesting an account of personal experience of deaths under annesthetics, and yet but com- 
paratively few out of the groat number questioned have found leisure to answer our appeal. 
It is admitted upon all hands that mere experimentation upon the lower animals is, without 
clinical experience of the behaviour of human beings under anaesthetics, inconclusive; and this 
is further shown by the fact that different observers arrive at different conclusions. We would, 
then, earnestly beg of our readers to furnish us with their own experience, and see that those 
responsible for the record of oases in the hospitals to which they belong duly fill in and letam 
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to Qs ilie inquiry form sent out. If this has been mislaid, we will gladly famish fSresh forms# 
The constant tale of deaths which are so lamentable sorely claims of the profession some 
personal efifort towards establishing a satisfactory clinical record of the behaviour of human 
beings under anaesthetics, and, it may be, throwing light upon the best way to avoid fatalities* 


An address on ANAESTHESIA, delivered before the International Medical 
Congress, Berlin, August, 1890, by H. C. Wood, m.d*, ll.d., Philadelphia. 

[Reprinted from the “ British Medical Journal^^ August \6th^ 1890.] 

Thb most brilliant modem achievements of the science and art of medicine in the 
direct saving of life are connected with surgery. These great achievements have been render- 
ed possible by two epoch-making discoveries — antisepsis and anaesthesia. The long array of 
fatal cases of poisoning by carbolic acid, by iodoform, by corrosive sublimate, and by other 
antiseptic agents ; the hundreds of deaths from chloroform, ether, and other anicsthetios, all 
bear witness to the verity of that strange law, in obedience to which the progress of the human 
race is so often at the sacrifice of the individual. Antisepsis has outgrown the dangers of its 
youth, and to-day the measures that are meant to siive very nirely kill. C)n the other hand, 
the death roll of anaesthesia is daily added to — added to, acconling to my belief, at a rate that 
has not changed in forty years. Though this be true, from far-oft* Australia comes the 
news that jury and judge have condemned to heavy penalty a chloroformist who had lost his 
patient ; and in England itself a well-known medical journal lends suj)port to such a verdict 
by afl&rming that “ deaths from chloroform are })reventable, that with due care they may be 
avoided,” and that, therefore, when they occur they are the result of ignorance and careless- 
ness. If this be true, five hundred deaths and more — the result of ignorance or carelessness 1 
Five hundred surgeons, including such names as Billroth, Jaeger, Simpson, McLeod, Agnew, 
Hunter McGuire, and others of equal rank, guilty of manslaughter ! And still the tJiirnage 
goes on. Surely, under such circumstances, the subject of anicsihesia is worthy of the attention 
even of this, the most learned medical gathering of the nations that the world can furnish. 
Antisepsis, the gift of the Old World to humanity ; amcsthesia, the gift of the Now World, 
which made the fruits of antise{)si8 possible — surely it is fitting that 1, standing here to-day 
before you all os the representative of the newer civilisation, should bo the chosen mouthpiece 
for the renewed discussion of this old but pressing theme. 

In attempting a fresh study of a well-threshed-out sulject, I propose to take advantage 
of the modem physiological methods, and to endeavour to discover by exi>erimonts upon the 
lower animals how anaesthetics kill, and what drugs or measures are most f)oworful in patting 
aside their lethal effects. This brings us face to face with the ([uestion. How far is it |Ki8si- 
ble to adapt experiments to the needs of practical medicine, and to reason from the dog to the 
ma n ? A full discussion of this subject would not be opportune, but it does seem necessary for 
our purjjose to devote a few minutes to the pointing out of certain general guiding principles. 

It ought to be acknowledged as a fundamental axiom, that no amount of experiments 
can overthrow a clinical fact, although when a contradiction between experimental and bed- 
iddo ohsemthm seems to arisoi suoh oontradiction challenges the oorrectness of the alleged 
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clinioal aiid ex^rimental facts alike, and shonld lead to careful re-examination. No amount 
of failure to purge a dog by elaterium proves that elaterium does not purge man ; whilst, on 
the other hand, the discovery that digitalis increased the blood-pressure in the lower animal 
very properly led to doubt as to the correctness of the, at that time general, belief that digi- 
talis acts upon man as a cardiac sedative, and finally to the recognition of the falsity of the 
dinical observation upon which such belief rested. 

Whatever diflSculties may beset the path of the experimental therapeutist, it is certain 
that law is throughout the universe supreme ; that man, at least in his physical nature, is only 
an especially developed animal ; and if drugs act differently upon different animals, such 
action must be in obedience to certain laws, to us known or unknown. 

Any attempt to fairly discuss these laws would load us too far afield for the present. 
One law, however, treads so closely upon the matter at hand this morning, that it requires 
statement. This law is, tliat when an apparatus or system is of similar function, and of 
similar functional activity in different animals, the difference in the action of remedies is 
very rarely, if over, in kind, though it may be in degree. Throughout mammalia the heart 
has one general structure and one general function ; the heart of the dog responds to the 
touch of digitalis precisely as does the heart of the man. The human brain is so much more 
highly developed than the brain of the lower mammal that it is, in fact, a new organ or 
apparatus, and its relation to drugs changes with the change of structure and of function. The 
scope of this law in regard to aincsthe.sia is not far to seek. The functions especially com- 
I)romised in lethal arncsthesia are resj)iration and circulation. Surely these functions are similar 
throughout mammalia, and surely we ought to be able to safely reason concerning them from 
the dog to the man. 

Recently, however, alleged clinical facts have boon challenged by high authority, uj)on 
fho strength of (jxperi mental results. Under these circumstances, nothing must bo at once 
abandoned, everything must be re-examined. These re-examinations I have made, and I may 
be pardoned, ])erhaps, if 1 affirm f.hat a complete study of the clinical and experimental evi- 
dence brings out, not a discord, but a most beautiful concord, — that concord between experi- 
mental and j)ractical medicine which so often fails to appear simj)ly because we cannot fit 
together the fragments of truth in our possession. 

Although numerous suhstances have been tried, there are to-day in use ])ractically only 
three aniesthot.ics, — nitrous oxide, ether and chloroform. Of these, nitrous oxide stands apart 
because it produces loss of consciousness, not by virtue of any inherent properties, but simply 
by shutting oft’ from the nerve centres the supjdy of oxygen. 

It has been asserted that the changes of circulation produced by the inhalation of 
nitrous oxide are essentially different from those of mechanical asphyxia, ami that therefore 
nitrous oxide does not act as an asphyxiant. It must, however, be borne in mind that the 
phenomena of mechanical asphyxia are largely due to the presence of an excess of carbonic 
acid in the blood, whilst in the asphyxia produced by nitrous oxide there is no excess of car- 
bonic acid, so that the phenomena present are simply the outcome of a lack of oxygen. It is» 
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therefore, a priori^ to be expected that the phenomena of mechanical and of nitrons oxide 
asphyxia should differ to a certain extent. To determine the way in which nitrous oxide 
inhalation affects the circulation, I hare, daring the post winter, in connection with my assist- 
ant and friend. Dr. David Cema, made a long series of experiments. The result has been to 
show that usually the inhalation is followed by a rise of the arterial pressure, aooompanied by 
a great disturbance of the pulse ; the pulse at first becoming irregular and tumultuous, but 
by-and-by settling, so that when anjcsthesia is complete the pulse wave is remarkably largo 
and full, and the rate very slow. The rise and fall of the arterial pressure in nitrous oxide 
anaesthesia was found to vary remarkably, not only in different inhalations, but in different 
periods of the same inhalation. Sometime the rise was sudden, sometimes it was slow and 
gradual ; sometimes it was maintained until near death, sometimes it was interrupted very 
early ; sometimes it was not very well marked, sometimes it was enormous. 

In all our experiments resjdration ceased while the heart was still in full acti\dty. 
Indeed, instead of the gas acting as a cardiac de]>ressant, it ni>peared to act as a cardiac stimu- 
lant, although it paralysed the vaso-motor apparatus. Thus, during complete an.Tsfhesia, fara- 
disation of the sciatic nerve always failed to register itself in an increase of the blood-pressure, 
although the heart was beating very powerfully, and altbough the j)neuinoga8trics had been 
previously severed ; whilst late in the j>oisoning — at a time when the resj)iration had abso- 
lutely ceased, and the animal was in this respect dead, and withinit the ]>ower of self-recovery, 
and when the arterial pressure also had fallen almost to zero — the pulse waves were frequently 
still nearly three times the normal. 

We made but few experiments us to the action (d' artificial respiration upon the animal 
dying from nitrous oxide, but those exjieriments proved that even after complete paralysis of 
the respiratory function, artificial resjdrution is capable of ni[)ijlly bringing the animal back 
to life. The heart lives on through nitrous oxide amestln^sia long after the respiratory function 
has been abolished, and even when the strong, full jmlse fails, and the heart has almost ceased 
to quiver, recovery is still ho])eful, because the loss of function has been caused, not by the 
presence of a ])oison, but by the absence of oxygen ; ami although the paralysis may be com- 
plete, the life power sleejis before it dies, and is ready to awake at the toiicdi of fresh oxygen. 

These exj»erimental results are in strict accord with clinical obsi^rvations. The S. S. 
White Dental Manufacturing Comfiany supply a very large, if not the largest, portion of the 
ap})aratus and material used for the administration of nitrous oxide in the United 8tat<w ; and, 
in answer to my inquiry. Dr. d. W. White, their J^resident, writes me that a coiiqaitution 
based ui>on their owm sjiles, and a knowledge of those of their rivals, lias reached “ the some- 
what appalling result, that anaesthesia by nitrous oxide gas is probably etfeeted in tbreenjuarters 
of a million of (jases annually in the United Stati*s”. Most of those inhalations have been 
given, not by trained jibysicians, but by companitively untrained and often very ignorant 
dentists ; have been given to patients in a sitting or semi-sitting [losture ; have been given 
apparently without thought or care to the general community, as the nnits presented themselves 
to the healthy and to the diseased alike ; and the result is, out of many millions of inhalations, 
only three deaths recorded as directly due to nitrous oxide. Could anything be safer ? 
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A imgg^tive and vary practical fact which came out in onr experiments is that some* 
times during an inhalation of nitrous oxide the rise of the arterial pressure is extraordinary 
and abrupt. Not long since, in the city of Philadelphia, a gentleman arose from the dentist’s 
chair after an inhalation of nitrous oxide, staggered, and fell in an apoplexy. Is it not easy 
to perceive that when the arterial system is diseased the great strain of a sadden rise of blood- 
pressure may produce rupture ? 

Some years since Dr. Kenderdine, a Philadelphia surgeon of local note, died of 
diabetes, which he insisted was produced in him by the inhalation of nitrous oxide. This 
is in accord with the researches of the French physician, Dr. Lafont, who reported a case in 
which sugar appeared in the urine twice in a patient after the inhalation of the gas, and who 
also caused in himself, and in dogs, temporary glycosuria by such inhalations. Further, 
Dr. Lafont noticed in a case of mitral insufficiency temporary albuminuria. 

I am not aware that these very suggestive statements of the French jjhysician hafVe 
given rise to any research, except five experiments made recently upon healthy men, with 
negative results, by two medical students of the University of Pennsylvania, Messrs. George 
S. Woodward and Alfred Hand, junr. 1 do not believe that ordinarily the inhalation of 
nitrous oxide is followed by sufficient disturbance of the circulation to register itself in the 
urine, but the negative evidence of Messrs. Woodward and Hand is not sufficient to render it 
improbable that in exceptional cases the inhalation of nitrous oxide may produce albuminuria 
or glycosuria. Such phenomena, if they occur, are in all probability not directly produced by 
the nitrous oxide, but are due to the disturbances of capillary circulation caused by it. 

However these facts may be, it seems to me that great caution should be used in the 
administration of nitrous oxide to persons, the coating of whose arteries is diseased, and it is 
probable that when widespread atheroma exists, ether is a safer ana3sthetic than nitrous oxide. 

When respiration has been suspended in nitrous oxide ancesthesia, the overwhelming 
indication is certainly for the employment of artificial respiration. 

Notwithstanding the great safety and the many advantages which attend the anesthetic 
employment of nitrous oxide, the gas can never be used for the general purposes of the 
surgeon, on account of the excessive fugaciousness of its influence. 

The perfect ansosthetic will be a substance which has the power of paralysing the sensory- 
nerve trunks without affecting other functions of the body. If such drug exists it yet awaits the 
coming of its discoverer. Probably until such a sensory-nerve paralysant is found chloroform 
and ether will maintain the complete su[)remacy which they now have ; and in the further 
discussion of my subject I shall confine my remarks to them. Lack of time limits this discussion to: 

(1) The method in which these two drugs kill, both in man and in the lower animal, 
that is, whether they destroy life through the circulation or the respiration. 

(Sy The oomparative fatality attending the use of these two agents, and the reasons 
for the dififorenoe* 



(8) The oompamtiTe disadTantages between the two agents^ and the best jaietbod 
of Bectiring the desired results. 

(4) The treatment of accidents occurring during ether or chloroform ansestkesia. 

In regard to the method in which anaesthetics kill^ mj own teaching hitherto has been : 
first, that although ether in moderate doses acts as a stimulant to the circulation, jet in over- 
whelming amount, it is capable of depressing the heart, but that such depression of the heart 
is always less than the depression of the respiration, and therefore ether kills always through 
the respiration ; secondly, that chloroform may produce death by paralysis of the respiratory 
centre, or by a simultaneous arrest of respiration and circulation, but that primary paralysis of 
the heart may occur, and is especially prone to do so when the chloroform vapour has been 
given in concentrated form. 

I think that these views are in accord with general professional belief, but it has recent- 
ly been alleged that they are at variance with experimental evidences, so that a re-examina** 
tion is necessary. What, then, are the clinical facts ? 

If any credence is to be attached to the statements of competent witnesses, who have 
recorded human deaths during anfcsthesia it is certain that in somt* cases, under the influence 
of chloroform, the pulse and rospinition have ceased simultaneously ; whilst in other instances 
the respiration has failed before the pulse : and in still other cases the pulse has ceased its 
beat before the respirator)' movements were arrested. 

Usually ether arrests respiration in men before it paralyses the heart, but the collec- 
tion of records made by Dr, J. B<?eves certainly show that the fatal result may be produced 
by synco{)e. Thus Dr. Ernest H. Jacobs, in a report of a fatal case, asserts i>ositively “ the 
pulse ceased, the breathing continued ”. It would seem that we must allow that ether in the 
human subject may cause death in the same methods as does chloroform. 

Such then are the clinical facts ; or, in other words, such are the results of observations 
made upon the human subject. What are the results of observations made upon animals ? 

The general teaching in regard to chloroform has l>een recently challenged by 
Dr. liBuder Brunton, who, as the result of 450 ex[)eriments made by himself ujion the [mriah 
dogs of India, has reached the conclusion, as published in the London Lancet^ that, however 
concentrated the chloroform may lie, it never causes tlmt death from sudden stopfmge 
of the heart. In the physiological laboratories of the University of Pennsylvania, for 
some years, sevemi hundred dogs have l>een use<l annually, and a very large proportion of 
these dogs have been, at the end of an experiment, killed by chloroform. The observations of 
Dr. Reichert, professor of Physiology in the University, Dr. Hobart Hare, Demonstrator of 
Therapeutics, and myself, have been concordant in showing that chloroform is a cardiac para- 
lysant, md often does kill dogs by a direct action upon the heart or its contained guglia. The 
•kateniM&ta made oonceming the Hyderabad Commimon, however, led Dr. Hare and myaejbf 
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to a careAil ani thorough renstudy of the subject. Some of our experiments were made by 
injecting chloroform into the jugular vein ; others by administering it by inhalation in the 
usual way. 

The action of the chloroform seems to be not seriously modified by the method of 
administration. We definitely proved that in the dog chloroform has a distinct, direct, para* 
lysing influence on both respiration and circulation ; that the respiration may cease before the 
heart beat, or the two functions be simultaneously abolished ; hut that in some cases the heart 
is arrested before respiration. We have several times seen the respiration continues as long 
as one, and even two minutes after the blood-pressure has fallen to zero, and the pulse has 
completely disappeared from the carotid artery. 

The correctness of our experiments, we claim, must be acknowledged. The experiments 
have not only boon witnessed by a number of persons, but I have with me to-day tracings 
which I will gladly show any one especially interested in the subject, I do not desire to 
express any doubt whatever as to the correctness of the experimental data of Dr. Brunton ; I 
simply claim that both sots of ex])eriments, although they have yielded different results, have 
been correctly and properly performed. It may be that the high heat or other climatic 
conditions surrounding the pariah dog make his heart loss sensitive to the action of chloroform 
than is the heart of the dog bred in northern climates. That the thought of the different 
constitutions of animals in different climates is not absurd, is shown by the fact that some years 
ago — after I had affirmed before the Physiological Section of the International Medical 
Congress at London, that if certain assorted results were obtained upon European dogs, said 
dogs must differ from those of America, and had been met with a smile of incredulity — Dr, 
Brown Soquard rose and stated that ho had experimented upon hundreds of dogs on both 
continents, and that there was a distinct difference between the animals the vascular system of 
the European dogs being much more developed, and operations upon them being, therefore, 
much more bloody than was the case with the American dog. 

A very curious parallel might bo traced at'this point between the experimental and 
clinical evidence in regard to the effect of climate uj)on the action of chloroform. In the 
Southern United States chloroform is used with great freedom, and with great alleged safety ; 
and as long ago as Dr. Langdon B. Edwards, editor of the Vinjinla Medical Monthly^ 
wrote ; “ It is one of the most peculiar effects I have ever known in medic4il practice — the 
difference of experience in Europe and the North with chloroform and ether as compared with 
that of the South — ihe high rate of mortality in the North, and the low rate in the South,” 
Further, in a recent letter to me Sir Joseph Fayrer affirmed the extraordinary safety of 
chloroform in India, and stated that ho knew of no death from it as having occurred in that 
country, although its use is universal. 

In a series of experiments which I have recently made myself to determine the changes 
in the circulation produced when ether anwsthesia is carried on to death, I have found that in 
the first periods of anaesthesia the blood-pressure is usually elevated, and that it is usually 
quite high at a time when the respirations are very shallow and imperfect, and the dark 
colour of the blood shows that it is heavily charged with carbonic acid. It is not, however. 
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very rare for tbe blood^presenre to remain near the normal, and I hare seen the blood-pressnre 
begin to fall in the very first stages of ether ansesthesia ; moreover, in at least two experiments, 
death oocnrred from syncope, the respiration continiiing for one or two minutes after the com- 
plete cessation of the circulation. In an experiment in which the fall of blood-pressure was 
most pronounced, and the arrest of the heart most complete, the dog was sick from the mange, 
and it is possible that the weakened heart was more susceptible than is the normal heart to the 
depressing influence of ether. 

So far, then, as concerns the method in which ether and chloroform kill, I claim most 
urgently that there is no contradiction between the results as obtained by the bedside and in 
the physiological laboratories, and that a complete broad study of the clinical and experimental 
evidence leads to one conclusion, namely, that chlorofonn and other are capable of paralysing 
the respiration and the circulation : that in some cases one function, in other cases the other 
function, is primarily arrested ; but that ether is less prone to produce a primary arrest of the 
heart than is chloroform. 

In the discussion of the second point which I have raised, namely, as to the comparative 
fatality attending the Use of other and chloroform, 1 shall not occupy time with any olahonito 
setting forth of the clinical e\idonce. In regard to the number of recorded deaths, I shall 
content myself with accepting the latest statistics at hand, namely, those collected by Dr, 
Lawrence Turnbull, who has found d75 deaths reported from chloroform, and 52 from ether. 
1 do not l)elievo that thes<^ figures nearly repr(*sent the total nu»rt4ility ; I doubt very much 
whether ono-thirJ of the deaths from anesthesia are reported : cc^rtainly not one-third of tho 
cases I have had {personal knowledge of having \mm publicly recorded. Moreover, tho 
pressure to conceal dmths from chloroform is grtmter than when the lethal result is due to 
ether. The surgeon who uses ether fe<»Is that he has employed tho saftwt anaesthetic, and 
tliat he will receive no blame if a death occurs from it, and feids also that ho has a rare case to 
put on record, ^^hich vill give his own naiu<^ p<‘rmanent place in aiuusth(»tic litc^raturo ; where- 
as the surgeon who uses chloroform kuow^ that if death occur from the aiucsthotio, a very largo 
proportion of the profession, at least in the Unitetl States, will condemn him either in public 
or in secret for tho use of this drug, and that lie will be fortunate if be osca[)e Ixdng publicly 
condemned by a coroner's jury. Moreover, deaths from cliloroform are only too common, so 
that the surgeon lias nothing to gain and much to lose by publication of a chloroform death, 
and, if jjossessed of the average human nature, holds his peace. 

It seems to me impossible to get at the exact number of anesthetic deaths or the propor- 
tionate fatality of ether and chloroform. Lyman considers that in regard to chlorofonn, the 
ratio of deaths to inhalations is 1 in 5,800 ; Richardson affirms that it is 1 in 2,500 to 3,000; 
Andrews puts it for ether at 1 in 23,204 ; and Lyman at 1 in 10,512. 

Without claiming strict accuracy for any of these figures, 1 think that ^ can he assert- 
ed that the probable ratio of deaths from chloroform is three to five times that of deaths from 

ether. 
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When^m pome to study the effects of chloroform upon the lower animals, we find that 
it raries very distinctly in its action on the different species. The cat seems to withstand the 
fatal influences of chloroform with a power worthy of its reputed “ nine lives Many years ago, 
Professor Schiff called attention to the fact that the use of chloroform as an anaesthetic in the 
dog is usually attended with the loss of many animals. Professor Martin, of the John Hop- 
kin’s University, writes me that the margin between complete chloroform anaesthesia in the 
dog, and chloroform death, is a very narrow one. This certainly is our experience in the 
University of Pennsylvania ; we have never been able to use chloroform as an anaesthetic 
without losing a very large proportion of our dogs. 

Clinical and experimental results, namely, the results of experiments made in the phy- 
siological laboratory upon the lower animal, and the results of experiments made in the am- 
phitheatre upon the higlier animal (man) are again concordant. Chloroform is much more 
inimical than ether to animal life. The cause of this singular fatality is not, however, chiefly the 
cardiac action of chloroform. Chloroform is more apt to cause cardiac arrest than is ether, but 
it is also much more prone than is ether to (lause deaths by failure of the resi)iration. Almost 
invariably, when ether is withdrawn before the dog is absolutely in the grasp of death, recov(*ry 
occurs ; but over and over again I have noticed that although the chloroform was taken away 
whilst the respirations were still being maintained with regularity, the arterial pressure much 
above zero, and the pulse very ai)parent, yet the symptoms of cardiac and respiratory failure 
continued to increase until the fatal issue was reached. 

Tt seems to me that certain general factfe or principles in regard to amesthesia must Ik* 
considered as established : — 

(1) That the use of any anaisthetic is attended with an appreciable risk, and that no 

care will prevent an occasional loss of life. 

(2) That chloroform acts much more promptly and much more powerfully than 

other, both upon the respiratory centres and the heart. 

(3) That the action of chloroform is much more persistent and permanent than that 

of ether. 

(4) That chloroform is capable of causing death either by primarily arresting the 

respiration, or by primarily slopping the heart, but that commonly both 
respinition and cardiac functions are abolished at or about the siime time. 

(5) That ether usually acts very much more powerfully upon the respiration than 

upon the circulation, but that occasionally and especially when the heart is 
feeble ether is capable of acting us a cardiac i)anilysant, and may produce 
death by cardiac arrest at a time when the respirations are fully maintained. 

(b) Chloroform kills, as near as can be made out, proportionately three to five 
times as frequently as does ether, partly, no doubt, because it is more 
powerful in depressing the heart, but largely because it lets go its hold much 
less rapidly than does ether when inhalation ceases. Is it not possible that 
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this “ holding on ” is because it is less volatile than ether, and can we not 
here get a hint why chloroform is less deadly in the South than in the North ? 
The difFasibility of vapours or gases is in invcise proportion to the square of 
their densities, and the vapour of chloroform would certainly diflEuse itself 
with far greater rapidity at 90® F. than at 70® F. 

The comparative advantages and disadvantages of the two anossthetics in practical medi- 
cine are so well known that only one or two points «ieom to force themselves upon our present 
attention. I cannot see that the surgeon is justified in putting the life of the patient to un- 
necessary risk of chloroformisation, except under special circumstances. I believe, moreover, 
that much of the unpopularity of ether is due to its improper administration. It is so easy to 
embarrass the respiration seriously by the folded towel, as commonly used, that not only are 
the struggles of mechanical asphj'xia almost invariably produced, but prol>ably death itself 
sometimes caused. Especially is there danger of death being thus caused mechanically in the 
advanced stage of etherisation, ^^llon tlie patient is too thoroughly etherised to struggle and 
when the attention of the etherise^ is, it may be, attracted by some novel and difficult operation. 
I confess myself to once having nearly kilbnl a patient in this way. 

A proper apparatus i^ cerlainly pref'Kible to tlie folded towel. Various have been in- 
vented, but, as the time is short, I shall only mention one n Inch seems to mo a practically 
perfect mechanism, although it is jirobably little knovMi this sid(^ of the Atlantic. 

The inhaler invented by I>r. 0. 11. Allis is based upon the theory that the patient to 
be etherised shonl<i bo .su]»pIio(] ^^ith a full abundance of air, saturated with the vapour of 
ether. It eonsi^s essentially of a M*rics of foldings of muslin on a wire framework, arranged 
almost like the gill'j of a hsb, ^o as to allow the air to ]>ass freely through, but everywhoro 
come in contact vitb eth<‘r. It should bo placed upon the face of the patient dry, and the 
ether gradually poured on from a bottle with a tight <‘ork, jaereed by two small gltt.ss tubes, 
one short fur the entrance of tin* air, the other long, and rea<’hing nearly to the bottom of tho 
lK)ttle for exit of ether. When ]irojM*r]v iwed the Allis inhaler prnetie.ally dons away with tho 
sense of siifl’oeation. and the conH(Mjn(*nt struggles which hav<^ iriu<lo otherisutioii alike so 
repulsive to patient and surg('on. 

In order to (hderinine tho rapidity with ^hich etherisation can bo produced by this 
inhaler. Dr. M, II. Wilson kept fur me note^ of thirteen consecutive case.s in tho clinic of tho 
Jefferson Medical College Hospital in Philadelphia. Tho average timo required for tho 
production of complete unconsciruLsue^s was >> minutes. The average time during which 
amcsthcsia was fully maintained was .32 luimiteH ; an<i the average amount of other used 
during this time was 7i ounces. In twenty-ono surgical cases occurring this spring in tho 
clinical service of Professor J. William Whit#*, of the University of Pennsylvania, tho average 
time for the i)rodnction of complete anresthesia with ether, used through Allis’s inhaler 
was 7/<, minutes. The results arrived at in thesf* two clinics are so close that 8 minutes must 
be coasidered as the average time rcNriuirc*#! for full etheriwition by this apparatus. 

In discussing the treatment of the accidents of amesthesia, tho results obtained at the 
bedside naturally press forward for careful consideration ; but^ in going over the subject from 
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thb point of view, 1 havo found so litiJe that was novel, and so little ibat was satisfactory to 
myself, that I shall not occupy the time of this Congress with any conclusions drawn from 
reported cases, or personal experience in chloroform accidents. 1 do not think myself that 
the problem can be solved by any such study of cases. Death is so near and so terrible, 
tune is so absolute, moments so important, that no surgeon would be willing or justified in 
waiting for the effect of any one remedy ; and when a man is dosed with alcohol, nitrite of 
amyl, hypodermic injections of ether, digitalis, atropine, and other powerful agents ; faradised, 
slapped, douched, stood on his head, subjected to chest movements for artificial respiration 
and various other measures too numerous to mention ; who can tell, if by chance he recover, 
why he has done so ? or who can point out, if by chance he die, what is the remedy whose 
omission or commission has led to the fatal result ? 

The problem is a very complex one not to be worked out amidst the excitement and 
responsibilities of the amphitheatre. Only in the physiological laboratory can its various 
elements be separated and studied each by itself, without regard to the individual life which 
is at stake. 

In the physiological laboratory two distinct paths open, each promising to lead to some 
positive knowledge. We may, on one hand, enter upon the study of the minimum fatal dose 
of the ancesthetic, and of the results by the consentaneous or subsequent administration of its 
supposed physiological antagonist ; or we may investigate the effect of remedies upon functions 
that are failing under the influences of the ancesthetic. 

The objections to the first of these methods have been, in the present instance, over- 
whelming. The accidents seem to be independent of the amount of anaesthetic inhaled ; and 
such a method of investigation would have required far more time than was available after I 
had had the honour of being asked to address this body. Death is produced by chloroform 
and ether through paralysis of the respiration and the heart, and the method of experimental 
study which I have employed consisted in a study of the action of pow erful agents upon these 
functions when oppressed by chloroform. I have selected chloroform chiefly because it is 
the more powerful agent of the two anajsthetics, and the more certain in its lethal results. 

The experiments have all been made upon dogs, by one plan. The carotid artery 
and also the trachea, having been connected with a recording drum, so that the movements 
of the circulation and the respiration could be consecutively recorded, the animal was anses- 
thetised, and when the blood-pressure had fallen almost to zero, and the respiration had 
ceased, or nearly ceased, as the case might be, the remedy to be tried was injected into the 
jugular vein, through a canula which had been previously inserted. 

The more important remedies which have been used by clinicians for the averting of 
threatened death during anaesthesia are ether, aloohol, ammonia, nitrite of amyl, digitalis, 
atropine, and caffeine, alterations of position, and artificial respiration. 

Although, at least in America, hypodermic injections of ether have been frequently 
employed even in ether accidents, such use is so absolutely absurd that it does not seem to me 
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to reqoive mj experimental erideaoe of ite fUality. fiiiher in fhe Uoed eofai as eUierY ubetber 
it finds entrance through the lungs, through the rectum, or through the oellular tissue ; and 
the man who would inject ether hypodermically into a patient who is dying from ether, dhould, 
to be logical, also saturate a sponge with the ether and crowd it upon his unfortunate victim. 

Instead of simply stating the results obtained in my experiments, I have thought it 
would be more interesting to show reproductions from some of my tracings. The first drug 
that I shall report upon is caffeine. I have injected it during the cardiac failure produced by 
chloroform, in doses varying from 3 to grains, and have never been able to perceive any 
distinct alteration in the arterial pressure, and no consistent distinct change of the pulse either 
in number or force. So far as the experiments go, they certainly indicate that the drug has 
no influence upon the heart that is being over}X)wered by chloroform. I may also state here 
that it is not possible in any of my tracings to make out any influence exerted by caffeine 
upon the respiration. 

With atropine I have made a few experiments, the results being almost as negative as 
with caffeine. Ten cubic centimetres of a 2 per cent, solution of the atropine injected into 
the jugular vein of a • chloroformed animal, altered the rate of the pulse beat, but had no 
apparent effect or influence upon the arterial j)ressuro, or upon the respiration, and in no wise 
prevented final cardiac arrest. 

Of all drugs, that which I think is usually most relied upon by clinicians as a cardiac 
stimulant in anaesthesia, as in other cases of heart failure, is alcohol. The chemical and phy* 
Biological relations of alcohol to ether and chloroform are, however, so close, that many years 
ago 1 became very doubtful of the value of this drug as a stimulant to a heart depressed by 
an ansesthesia. 

These doubts continually grow stronger from what I saw and road ns to the effects of 
the administration of alcohol during anaesthesia, and were finally changed into conviction by 
the experiment of R. Dubois,* who found that in the animal to which alcohol had been freely 
given, much less chloroform is required than in the normal animal, to anicsthetise or to kill ; 
or, in other words, that alcohol intensifies the influence of chloroform and lessens the fatal dose. 

In my own experiments with alcohol an 30 per cent, fluid was used, diluted with water. 
The amount injected into the jugular vein varied in the diflerent experiments from 5 to 20 
cubic centimetres, and in no case have 1 b^^n able to detect any increase in tlie size of the 
pulse, or in the arterial pressure, produced by alcohol, when the heart was failing during 
advanced chloroform amesthesia. On the other hand, on several occasions the larger amounts 
of alcohol apparently greatly increased the rapidity of the fall of the arterial pressure, and 
aided materially in extinguishing the pulse rate. 

The effects of ammonia upon the failing heart of chloroform anicsthesia have been in 
my experiments uncertain ; sometimes distinct, although very fugaoious, and sometimee im^ 
perceptible. Twenty cubic centimetres of a 10 per cent, solution of aqua ammoniss fortior 
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(United Sta^s^ Pharmaeopasia)^ in some cases produced an inunediaie rise in flie arterbd 
pr(Sssiire, and even ' fngacionsly registered itself in the respiratory rate, but perhaps more 
frequently it failed in its influence. 

The influence of injections of digitalis has been in a number of experiments very 
^pronounced in producing a persistent gradual rise of the arterial pressure with an increase in 
the size of the individual pulse rate. In several instances death was apparently averted by its 
injection, and I saw in one or two cases, where large amounts of the digitalis had been em- 
ployed, sudden systolic cardiac arrest, indicating that digitalis, if in sufficient amount, is able 
to victoriously assert itself in opposition to chloroform. Moreover, when I have given chloro- 
form to dogs whose hearts were already under the influence of digitalis, there has seemed to be 
a peculiar steadying or sustaining power combating the circulatory depression naturally 
produced by the ana3sthetic, and I believe that in all cases of weak heart in man a full dose of 
digitalis before the administration of chloroform would greatly lessen the danger of cardiac 
oollapse. 

With the nitrite of amyl four experiments were made ; in some of those from four to 
ten drops of the nitrite of amyl were injected in the jugular vein ; in others the nitrite was 
used by inhalation. No distinct effect upon the arterial pressure was in any instance produced, 
and usually no alteration in the size of the pulse waves, although sometimes the pulse did 
appear to be a little fuller. 

Of all my experimental results, those which have been reached with strychnine liave 
been the most surprising. The injection of strychnine into the jugular vein usually produced 
a gradual rise of the arterial pressure, and always caused an extraordinar\' and rapid increase 
in the rate and extent of the respiration. Thus I have seen the respiration, which had pnicti- 
cally ceased for ten seconds, suddenly, under the influence of an in jection of two-tenths of a 
grain of strychnine, become at once very large and full, and roach a nite of 130 a minute. 

A series of elaborate experiments made upon the effect of the position of the animal on 
the blood-pressure in the carotid and other arteries, has very clearly provcnl that the body of 
the animal whose circulation has boon paralysed by chloroform acts in a measure like a tul)e 
filled with fluid. Thus, if the feet of the dog were raised vertically above the head, whilst 
the latter remained upon the table, an immediate rise of pressure occurred, even though the 
heart had ceased beating entirely ; provided that the head of the animal was kept upon a 
level with the table. If, however, the head of the animal was depressed below the level 
of the table for a distance ecjiial to, or greater than, the length of the body of the 
animal, a decrease of the arterial pressure occurred at once, although the animal in a 
vertical position. The phenomena observed wore prwistdy such as would have been 
produced if the canula had been inserted into a tube filled with fluid, instead of the carotid 
artery, and the elevation and depression of this tube had registered itself on the recording 
drum, in^ obedience to the ordinary laws of hydrostatics. The phenomena were entirely in- 
dependent of any beat of the heart, and were readily produced when the animal was dead, 
provided the death had not occurred too long previously. Sometimes, even a very few minutes 
after the cessation of the heart beat, it was impossible to produoe the changes of pressure upon 
the drum. This 1 believe to have been due to coagulation of the blood occurring very early 
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after deatb to a saffideitt extent to interfere with the liqnid propertiee of the fluid. In no oeae 
was any effect upon the respiration produced by change of position in the animal. In a number 
of cases, however, when the feet were elevated, the heart, which had entirely ceased beatingf 
recommenced its work, and Ii.have several times seen a pulse entirely disappear when the 
animal was taken from the vertical to the horizontal position. On the other hand, very 
frequently it was impossible to affect the cardiac action by changing the position of the animal. 
Nevertheless, the phenomena spoken of occurred too frequently to be a mere outcome of chance^ 
though 1 several times noted that the heart was usually more affected by alternately elevating and 
depressing the feet of the animal than by keeping it in a steadily elevated or horizontal position. 

When the circulation has practically ceased, under the depressing influence of an 
anajsthetic, inverting the body must cause the blood which has naturally collected on the enoi> 
mously relaxed vessels of the abdomen, to flow into the right side of the heart and distend it, 
and this distension — this increase of pressure — appears at times to have a sufficient momentary 
influence to stimulate the failing organ. 

The theory which has been advocated by some therapeutics— that inversion of the body 
is of value in the accidents of anaesthesia, because it causes the vital centres of the brain to be 
supplied with blood — is probably incorrect. The respimtion in ana*sthesia fails, not through 
want of blood in the respiratory centres, but because the blood contains a poison which i)aralyBOS 
these centres, 

The most remarkable results which 1 have reached in bringing about recovery of 
animals to all ordinary intents and purposes dead, were obtained through the use of artiflcial 
respiration. TIuih, 1 have seen an animal, in w'hich no respiratory inovomonts whatever had 
taken place for two minutes, and in which, during that time, no movements of blood had 
occurred in the carotid artery, and in which, therefore, the heart had ceased its boat, rapidly 
}>ermaneutly restored by artificial respiration. 

At one time in these researches, it appeared as though after any dose of chloroform by 
inhalation, the animal could be resuscitated by artificial ros|>iration, even though heart and 
lungs were comiJetcly j^aralysed by the drug ; but finally 1 did find a case in which ortificdal 
respiration failed. 

The results of my experiments with the lower animals may bo summed up ; that nitrite 
of amyl, caffeine, and atropine are of little or no use in chloroform poisoning ; that alcohol, 
when given in small amounts, has no influence, hut that when given largely, materially assists 
in paralysing the heart and producing fatal results ; that ammonia has some little influence upon 
the heart, but that of all substances tried, digitalis was by far the most powerful in stimulating 
the failing circulation ; indeed, my experimental results indicate that it is the only known drug 
which is of any real practical value in such cases. Next, or perhaps even before digitalis, 
strychnine seems to be of value in the accidents of anaesthesia, because, whilst having some 
influence on the circulation, it affects powerfully the respiration. For many yean chlorofrom 
has been nsed in practical medicine as the physiological and practical antagonist to stryobnine, 
and it seems rather odd that strychnine should never have been employed as the praotioal 
antigoiiist to oUorofoxm. 
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0^0 meaatore which in practical Talae &r Barpaaied all others for the restoratMm of 
ihsi dying animal was artificial respiration, and 1 have no doubt that a great majority of the 
deaths which have occurred in man from ansesthesia might have been avoided by the use of an 
active artificial respiration* The difiSculty with artificial respiration as it has been hitherto 
practised upon man, after the Sylvester or other methods, is its inefficiency ; whereas the 
artificial respiration which I used on animals was very active, indeed, much more efficient than 
natural breathing in causing circulation of air through the lungs, and therefore in removing 
excess of the anaesthetic from the residual air of the lungs and from the blood. 

The use of what may be called “ forced ” artificial respiration by the physiologists, 
so naturally suggested a similar practice in man, that the celebrated John Hunter invented 
for the purpose an apparatus which consisted of a bellows so constructed that when it was ex- 
tended one compartment drew in air from the lungs, while the other drew air from the atmos- 
phere ; and when it was closed the process was reversed, the fresh air being thrown into the 
lungs, the foul air into the atmosphere. In 1867 Richardson, of London, invented an ap- 
paratus more elegant and portable, although identical in principle with that of John Hun- 
ter’s ; but I have not found that either Hunter or Richardson treated by forced artificial res- 
piration an actual case of disease or poisoning. In 1875,* Dr. John Ellis Blake reported a 
successful case of aconite poisoning, in which life was apparently saved, although there was no 
pulse for over three hours, by artificial respiration, with the use of oxygen. In this case Mar- 
shall Hall’s method was at first used, but later, a small rubber tube was connected directly with 
a copper reservoir of condensed oxygen, the other end of the tube terminating in as mall nozzle, 
which was inserted in one nostril, Four hundred gallons of oxygen were thus used, but how 
far the force of the compressed gas was employed to dilate the lungs is not very clear ; and it 
is doubtful whether this case should be considered as one of forced respiration. The first 
physician to use forced respiration in actual human poisoning, with a clear idea of its value 
and power, so far as my reading goes, was Dr. George E. Fell.f 

It is plain that the bellows constructed by John Hunter and by Richardson are unneces- 
sarily complex and faulty in principle. There is no need whatever of drawing the air out of 
the fully-filled lungs. Every physiologist knows that when the muscular system is completely 
paralysed by curare or even by death, the chest walls have sufficient elasticity to force air out 
of the lungs and all ordinary laboratory apparatus for artificial respiration is based upon this 
fact. For forced artificial respiration in man, an ordinary bellows of proper size is all that is 
required for the motive power. 

The real difficulty, — the point to be especially investigated and studied, — is as to the 
connection between the bellows and the lungs. Hunter and Richardson simply placed a tube 
in one nostril, closing firmly the other nostril and the mouth of the subject. 

Dr. Fell at first used a tracheal tube, the insertion of which, of course, necessitated the 
performance of tracheotomy* In one case, however, a simple mask covering the mouth and 
nostrils was a perfect success. 1 have had no opportunity of trying the apparatus on the 


* BoM0fi Med, and Jmurmdf toL zxL 
t XntematioQal WediaeX OoBgrM% Wsihtogton, 1SS7. 




973 


firinib Ini liiive made a aeries oi efsperimenis 1900 dead bodies, triiioli have denoariiated that 
osoally a ftoe mask is all that is neoeaaaiy for the performanoe of artificial nqiitatibii. Before 
ariog rile mask, tiie tongue riionld be well drawn forward, and, if neoessaiy, fixed inriifa 
poritimi by^an ordinary {ueoe of silk sotare mn througb it, wUoh can be beld in the hand of 
the operator. If in anyindiridnal case the mask fidls, an intnbation tube may be introduoed 
into the larynx. I do not believe it will ever be found necessary to perform a traoheotomy. 

Dr. Fell’s apparatus consists of a pair of foot>bellowB by which air is forced into a 
recriving chamber, which is connected with an apparatus for ynurming the air, and a valve 
which can be opened and shut by a movement of the finger. This valve in turn leads to the 
tracheal tube. When the valve is opened the air mriies through the chamber into the longs 
and expands them ; the finger is lifted, the valve shuts, the longs contract ; and so the respira^ 
tion goes on. 1 have no doubt that this apparatus is efficient in praotioe, but it is open to the 
serious objection of being unnecessarily complex and costly. 

A much simpler, cheaper, and probably equally efficient apparatus may consist 
rimply of a pair of bellows of proper size, a few feet of India rubber tubing, a face mask, and 
two rizes of intubation tubes. There should also be set in the tubing a double tube, vrith 
opening similar to that oonunonly found in the tracheal canola of the physiological labora>i 
tory, so that it is in the power of the operator to allow for the escape of any excess of air 
thrown by the bellows. This whole apparatus can be prepared at a very trifling expense, and 
it seems hardly necessary to point out its probable value in various narcotic poisonings, and 
other accidents, in which death is produced by a paralysis of the respiratory centres of 
temporary nature. The proper use of it, — at least with the face mask,-H 30 uld be taught to 
persons without special medical skill, so that it not only ought to form a part of the surgeon’s 
outfit, but might be of great service in life-saving stations, about gas works, &c. 

In conclusion, 1 may be allowed to state that if the results and deductions arrived at in 
this address are, as I believe, correct, the rules for the proper treatment of accidents daring 
ansBstheeia can be summed up in a very few words : 

Avoid the use of all drugs, except strychnine, digitalis and ammonia. 

Give the tincture of digitalis hypodermically. 

Draw out the tongue, and raise up the angle of the Jaw, and see that the respiration is 
not mechanically impeded. 

Invert the patient briefly and temporarily. 

Use forced artificial respiration promptly, and in protracted oases employ external 
waimrii and stimulation of tiie surftoe by the dry electric brush, do., and, above sdl, remember 
that some at least, and probably many, of the deaths which have been set down as due to 
diknoform and ether have been ponced by the alcohol which has been given for the rdief 
«f the parient. 

W ( 
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CLINICAL LECTURE BY SuRttBON-MAJOB E. LAWRIE, 

GENTtBMBN,-— In the case of operation for the removal of the ntems and ita appendages 
for sarcoma, which yon witnessed yesterday, chloroform was administered, and the patient 
was kept fully anaesthetised for one hour and a-half by Miss R. Furdonji, a fiftl>-year Parsi 
lady student, without assistance or interference from anybody. You are aware that, while I 
hold myself entirely responsible for the safety of my patients, chloroform is always given here 
by students with complete immunity from accidents, and you may find it difficult to understand 
why there should be any difference of opinion as to its safety. Unfortunately, a difference 
opinion does exist, and it is my duty to indicate to you the Mlaoies contained in the latest 
addition to the controversy on ancesthetics, — the address on anoesthesia at the Berlin Intemi^ 
tional Congress. In the opening paragraph of his address Professor Wood says : “ The death- 
roll of anaesthesia is daily added to — ^added to, according to my belief, at a rate that has not 
changed in forty years. Though this be true, from far-off Australia comes the news that 
judge and jury have condemned to heavy penalty a chloroformist who had lost his patient ” 
and in England itself a well-known medical journal lends support to such a verdict by affirm- 
ing that death from chloroform are preventable, that with due care they may be avoided, and 
that, therefore, when they occur they are the result of ignorance and carelessness. If this be 
true, five hundred deaths and more, — the result of ignorance and carelessness ! Five hundred 
surgeons, including such names as Billroth, Jaeger, Simpson, McLeod, Agnew, Hunter 
McQuire, and others of equal rank, guilty of manslaughter ! And still the carnage goes on.’' 
Professor Wood scouts the idea that all the deaths that have occurred from chloroform are 
due to ignorance and carelessness, and in a strictly limited sense he is right. The majority 
of the deaths from chloroform have been due to wrong teaching, and it is not the unfortunate 
chloroformist in far-off Australia who ought to be punished for losing his patient, but those 
leaders of our profession who, by their obstinate and persistent advocacy of erroneous principles, 
send forth from our medical schools year after year numbers of young medical men who are 
ignorant of the proper method of chloroform administration, and are confessedly unable to 
administer it with safety. A portion of Professor Wood's address consists of an attempt to 
divert the question of ansssthesia into a side issue on the qualities of different raoes of dogs 
and he puts forward the amazing and ridiculous contention that the heart of a dog in India 
is much less sensitive to chloroform than the heart of a dog bred in northern climates. If this 
were true, it would only be necessary to raise the temperature of our operating rooms io 80® 
to ensure perfect safety. Operations must in future be performed in the hothouse, that is all. 
Professor Wood says ; “ Further, in a recent letter to me, Sir Joseph Fayrer affirmed the 

extraordinary safety of chloroform in India, and stated that he knew of no death from it as 
having occurred in that country, although its use is universal.” Sir Joseph Fayrer left India 
dn 1871. Since Sir Joseph left that country the old Scotch principle of chloroform administra- 
tion which was in his time almost universal has been largely replaced by other principles, and 
several deaths have taken place. I know of six, and five of the six have occurred since 1878. 
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1^ Joseph' Fayrar's letter therefore mere^ cbnfimiB my opiniob thM the report of the Glasfgow 
Committee, which was published in 1879, and was founded upon insufficient experiments, has 
done infin ite harm, and is ohiefiy responsible for the fatality from chloroform daring the last 
ten years. Dr. James Danlop also states:* Within the last ten years the deaths under 
chloroform in Glasgow have been more niimerous than they had been in the previous decade.” 

Professor Wood next proceeds to re-examine* the clinical foots. *‘If any credence is 
to be attached to the statements of competent witnesses who have recorded human deaths 
during ansesthesia, it is certain that in some cases under the influence of chloroform the pulse 
and the respiration have ceased simultaneously, whilst in otlier instances the respiration has 
failed before the pulse, and in still other cases the pulse has ceased its beat before the respinM* 
tory movements were arrested.” Nothing is more certain, however, than that it is unsafe to 
attach credence to those w^hom Professor Wood styles the competent witnesses who have 
recorded human deaths during anaesthesia. The reports of chloroform deaths are utterly 
worthless and unreliable, because there is no independent person present w^ho can take notes, 
and who will not interfere, although he sees the inevitable death approaching. Professor Wood 
then compares his clinical facts, which you now see are of no value, with the results of 
observations made on animals. He states that he and his colleagues definitely proved that 
in the dog chloroform has a distinct, direct pamlysing infiuence on both respiration and 
circulation : that the respiration may cease before the heart l)eat, or the two functions be 
simultaneously abolished ; but that in some cases the heart is arrested before respiration. Wo 
have several times seen the respiration continue os long as one and even two minutes after 
the blood-pressure has fallen to zero, and the pulse has comj)letely disappeared from the 
carotid artery.” 

Professor Wood here makes the same mistake as was made by Dr. Lauder Bmnton 
on the very last day of the Hyderabad Commission's ex])erlmenis. No one who was present 
will forget the exciting scene when Dr. Brunton, who w^as watching the Fick manometer^ 
called out that the heart had sto[>ped, though the dog was still breathing. The excitement 
reached a climax when a needle thrust into the heart showed that it was beating vigorously ; 
and we restored the animal easily. On another occasion everybody in the room thought a 
dog was dead when it was not. The fact that there is no carotid pulse is no proof th^t the 
heart has stopped. Professor Wood continues : “ Tlie correctness of our experiments we claim 
must be acknowledged. I do not desire to express any doubt whatever us to the correct- 
ness of the experimental data of Dr. Brunton. [Why not of the llydenibud (commission ?] 

1 simply claim that both sets of experiments, although they have yieldo<l different results, 
have been correctly and properly performed.” The results being irreconcilable, either 
the experimental data of Professors Wood and Hare or those of tlie Hyderabad Ck>mmission 
must be incorrect. The question we have to decide is which of the two are wrong* 
Professor Wood asserts that his experimental data correspond with liis clinical facts. But his 
clinical facts prove nothing whatever, except that, if part of the chloroformist’s attention is 
devoted to the pulse in chloroform administration, deaths occur. Professor Wood’s experif 
mental data, like his clinical facts, do not prove that chloroform directly affects the heart 
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The oasea he bkngs forward as instances of death firom stoppage of the heart in 
are 'not supported by any evidence that the heart had stopped beating when he assunied that 
it had because the blood-pressure was low and the carotid pulse could not be felt. We must 
have more information regarding Professor Wood’s methods before we can aoo^ his cm- 
elusions. He probably used a mercurial manometer. In our experiments the pulse was often 
visible on the Pick, or glycerine, manometer long after it had disappeared on the mercurial 
manometer ; and tiie needle in the heart would beat long after the Pick tracing was reduced 
to a straight line. 

The clinical facts which led to the formation of the Hyderabad Chloroform Commission 
are very different from those of Professor Wood. They consist of an almost unbroken 'series 
of 45,000 oases of chloroform administration, extending over forty years. In this long series 
of oases the ohloroformists were guided as to the effect of the chloroform entirely by the respiiv 
ation, and there was not a single death. In strict accordance with these clinical facts the 
experimental data of the Hyderabad Commission prove (1) that the administration of ohlor<^ 
form is free from risk if the breathing is perfectly regular throughout and the inhalation is 
stopped as soon as the animal is fully under its influence ; (2) that chloroform never causes 
death by sudden stoppage of the heart ; (3) that death from chloroform is always the result of 
an overdose ; (4) that the danger of overdosing is enormously increased by holding the breath, 
struggling, asphyxia, or anything which causes the patient or animal to take gasping inspirations ; 
and (5) that the inhibitory action of the vagus nerve, which is called into play in threatened 
and actual poisoning with chloroform, is a safeguard. The safeguard action of the vagus was 
discovered by Dr. Bomford, and its true meaning was subsequently worked outbyDrs. Bomford 
and Brunton, and no physiological discovery that has been made of late years can compare 
with it in practical importance. It was never mentioned or alluded to at the Berlin Congress. 

We are now able to institute a comparison between the value of Professor Wood’s 
clinical and experimental data and that of the clinical and experimental data of the Hyder- 
abad Commission. Professor Wood’s data lead to nothing more than an admittedly unsafe 
method of chloroform administration. The Hyderabad Commission demonstrates that by 
proper attention to the breathing chloroform can be administered with safety in any 
part of the world. No one is in a better position than I am to appreciate the worth and 
signifioanoe of the Hyderabad Commission’s researches. For twenty years before the Com- 
mission was appointed I had given chloroform and taught hundreds of students to give 
it with unvarying safety. I took no part in Drs. Brunton’s and Bomford’s experiments, but 
I had the supreme satisfaction of looking on and watching the gradual development of the 
proof of the truth of Syme’s principles. I now know scientifically, what I knew before 
empirically and it is difScult to ovei>«stimate the difference. Formerly I taught my students 
to be on the alert for the warnings which are given by the respiration in chloroform admin- 
istration, by which danger can be averted. We frequently gave patients overdoses, and were 
obliged to draw forward their tongues, or occasionally even to employ artificial re^iration to 
‘restore them. I now ieaoh yon that the true art of giving ohloroform,— -an art whkdi any 
intelligent medioal man oan aoqulre,— consists not only in oonoentrating your attoitiim on the 
bieatU^, but in keej^g it absolutely regular throui^imft the administiatioa, and in ttoffsin g 
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die iahalaiioii whenerer the Ineeihing is inegokr, end diieotly the petieni is folly under die 
indoMioe of the eimrihetie. We never heve tronUe now from overdosing; yon lerely see 
reqnietoiy emhemssment in my operations, and dnring the last year, sinoe the Commisdon 
completed tie work., we have not had a case in which stoppage of the reqdiation has ooonrred. 
ProfiMSor Wood finds etiier is as bad as chloroform in the laboratory. Qinioally it does not 
kill so many people, beoanse it is not poshed so far. In many cases, partial anssstheda is con- 
ddered snfBcient when ether is used. Professor Wood has found ont also that atropine, oaf* 
fdne, and alcohol ate not beneficial in chloroform administration, and that digitalis is. He has 
only to study onr report and the vagns expeiiments to understand why. Anything which iih* 
creases the rapidity of the pulse increases the rapidity with which chloroform is conveyed to 
the nerve centres, and if alcohol, or atropine, or caffeine does this they are bod. But alcohol 
does not always increase the rapidity of the pulse. Very often if a patient is frightened a 
small dose steadies and slows the pulse, and gives him confidence ; and in so far os it does this, 
a preliminary dose of alcohol does good in operations under chloroform. 

Before bringing this lecture to a close, I desire to call yonr attention to a paper by Dr. 
James Dunlop in The Lancet of September 27th, 1890, as it has an important bearing on 
Professor Wood's address. Dr. Dunlop’s paper consists of observations on the administration 
and dangers of ansesthetios, in reply to Tlte Lancet's circnlar calling upon scientific medical 
men throughout the world for information on the subject. Dr. Dunlop states that “the skilfbl 
administration of the anassthetic inclndes attention to the pulse, as well os watching the respin^ 
tion ”, and he gives numerous instances of death under chloroform from what ho calls asphyxia 
and syncope. Dr. Dunlop’s paper emphasises the truth of what 1 have already stated with 
regard to the worthlessness of Professor Wood’s clinical facts, and it affords additional evidence 
that if part of the ohloroformist’s attention is devoted to the pulse in chloroform administration, 
deaths occur. It must be clearly understood what is meant by attention to the pulse in ohlonn 
form administration. Any surgeon who can give chloroform safely can keep his eye on the 
pulse. Towards the end of long operations I often ask my students, just as Mr. Syme used to 
ask me, “How’s the pulse ? ” This is quite a different matter from vratching the pulse for 
ngns of danger from the ansssthetio — which is both unneoessary and dangerous. It is unn^ 
oeesary because no reliable information as to the effect of chloroform can bo obtained from 
the pulse, and it is dangerous because if ever the administration of chloroform is pushed 
iar enough to cause the pulse to show signs of failure of the heart, the limits of safety have 
already been so far exceeded that a fatal result must almost inevitably ensue. 

It is strange to find a surgeon of Dr. Dunlop’s standing writing of deaths under chloro- 
form ooonriing from asphyxia. The Hyderabad Commission bas pointed out tbat the only 
danger of asphyxia, as of holding the breath, in chloroform administration, is that it makes 
patients gtsp and so take in an overdose with extreme rapidity. Dr. Dunlop asserts that 
deaths from qmoope oocur early in the administration of chloroform. He says : “ A nnall 
quantity of ooneentroted vapour without any ur administered to a nervous, timid patient has 
proved &ial. A healthy floridpfiwed young man had ohlorofrom administered to him 
in private by a surgeon who had gained mudi experience of ohloroforming in the 
■imda at tho Bqyal Xafinnary. The chloroform wm adminiiteied on a folded iowe * 
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Ihied or fotur d]^ having bean poured on. While the patient ma oonnting, and 
when he had reached the number twenty-five, his fiice became at once pale and 
blanched, the pupils suddenly widely dilated, and no pulse was felt at the wrist. The young 
man was dead.’’ In order to understand the cause of the young man’s death, you 
must consider Dr. Dunlop’s account of it carefully, and remember that it is impossible to 
^ke any patient (or animal) inhale concentrated chloroform vapour without any air, unless 
you either cause him to gasp, by making him hold his breath or by asphyxiating him, or first 
render him insensible. From Dr. Dunlop’s statement it is clear that the young man was made 
to count while the chloroform was held over his face on a towel. No surer method of making 
him gasp could possibly have been devised. Try it yourselves without chloroform, and tell 
me if counting and regular natural breathing are compatible. But with chloroform close to 
the face, it is certain that if you try to count you must gasp after every number, or after every 
few numbers. In fact, counting must lead to gasping much more quickly than holding the 
breath, because the lungs are emptied by the process. You remember a case which occurred 
here the other day. When a patient was nearly under chloroform he suddenly began to try 
to speak, and went on muttering “ er — er — er — er — er ” for a long time without taking a 
breath. I told the student to remove the chloroform cap from his face, as the patient was 
sure to gasp, and after a few seconds more the gasp came. Fresh air entered the lungs, and the 
patient recommenced breathing regularly, and very soon went over ; but if the cap had been 
kept near his face, he would have inhaled a large dose of chloroform, and might have been 
at once poisoned. Substitute counting for the noise our patient made, and you have the true 
explanation of the cause of overdosing and death in Dr. Dunlop’s case. Dr. Dunlop says no 
disease was found in any of the young man’s organs on post-mortem examination, and adds : 

Strange as it may seem, disease of valves, hypertrophy of walls, cardiac murmurs of all kinds 
give no trouble during the administration of chloroform.” According to this teaching, the 
more healthy a man’s heart is the more certain he is to be liable to sudden death from syncope 
under chloroform ; and if this is to become part of our belief, we shall soon have to refuse 
chloroform to anybody who has not a diseased heart. This is on all fours with the text-book 
teaching with reference to shock under chloroform. It is not the capital operations like 
amputations which are said to be dangerous from shock under chloroform, but only the trivial 
ones, like the operation for squint or for ingrowing toe-nail. In order, therefore, to make the 
operation for squint safe under chloroform, the patient ought first to have his leg off ! You 
may believe me that there is no such thing as chloroform syncope, and that all deaths from 
chloroform are due without exception to oveiMlose. You never hear of syncope except in the 
practice of those who do not know how to give chloroform with safety ; and when once the 
truth is accepted, as it must be eventually by the whole profession, chloroform 83 mcope will 
disappear into the region whence it came. 

It is now time to ask what ore the results of The La)ioet^s call for clinical experience* 
It seems to me that sufficient evidence of the most crashing kind has been accnmulated in 
The Lancet for 1890 to show that if the chloroformist’s whole attention is not directed to the 
respiration, so as to keep it regular, deaths are inevitable. First, we have had the siatistiGS of 
]|r« Boger WilUams (vide The Lancet^ Feb. 8th, 1890), to diow that one paiieni dm in 
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1,286 •cases of cUorofonn administration at Si BarthoI<miew’s and the oiiieEr laige 
Jjondon hospitals where the pulse is taken as a gnide. Then we have PrdTessor Wood*8 state- 
ment that carnage’’ ^till goes on when chloroform is given in accordance with his own 
principles ; and now we have Br. James Dimlop asserting that the pulse most be attended to 
as well as the heaii, and boasting that oi% three cases are killed by chloroform in Glasgow 
alone every year.* Why are we to continue to study only the experience of those surgeons 
who cannot give chloroform safely ? Why does not Tlie Lancet ask the men who do not have 
deaths to give us their experience for a change ? It is imperative thai in addition to clinical 
experience of the latter variety. The Lancet should call for the opinion of the whole profession 
on the anaesthesia controversy. The report of the Hyderabad Commission was published in 
the leading medical journal last January, and many letters and criticisms on it have appeared 
since. A careful study of The Lancet for 1890 will enable every general practitioner in 
Great Britain to form an impartial opinion as to the merits of tho case. The votes of the 
majority will then decide whether the teaching of the Hydenibad Commission or that of Pro- 
fessor Wood is thought to be more likely to conduce to the interests of tho profession and the 
public ; and I have no fear what the verdict will be. 

Finally, Dr. Dunlop states that “every intelligent assistant I have had daring the last 
ten years has felt happier during an operation when ether was used than when chloroform was 
administered.” This is not at all surprising. No assistant can give chloroform happily or 
safely if he is alwajs in dread that his patient may die suddenly. As long as the belief 
prevails that one of the dangers of chloroform is sudden death by stoppage of the heart, and 
the chloroformist watches the pulse for signs of heart failure, deaths wull occur. It is high 
time this reproach to our profession and opprobrium of modern surgery should bo put an end 
to ; and if surgeons will not put an end to it thomseIv(^s, the administration of ohiorofonn 
should be prohibited by law until the teaching with regard to chloroform syncope is altered and 
brought into conformity with the conclusions of the Hydenibod Commission. 

LETTER FROM Si rgeon-Major P. R. GABDETT. 

To THE Editors of ‘‘ The Lancet”. 

Sirs,—- Having noticed in your columns several letters and addresses on the administra- 
tion and effects of chloroform, and the diversity of opinion that op[>oars to exist on this import- 
ant question, I should like to record what I have myself witnessed during the past eighteen 
months. By the kind permission of Surgeon-Major Lawrie, the Principal of the Hyderabad 
Medical School, I have been present at numerous and severe oi)erations performed by that 
surgeon at the Afzul Gunj Hospital ; and during this period 1 have never seen tho slightest ill- 
effects result from the administration of chloroform, though sometimes in alxlominai operations 
the patient has been kept under the influence of the anaesthetic for from an hour and 
arhalf to two hours. It has always been given by one of the native students of the school, 
either male or female, apparently with the greatest confidence and ease on their part, following 

* It in fair to Dr. Dimlop to state that he is the apologist of others, and that in some of the deaths under ehloroforiB 
whidh he reports the respiration it bduved to hare been watched, and not the poise. It is efident, howerer, that it is nc 
good to watdi the rospiration in chloroform administration if disaster is deUberately courted by the adoption of a plan K 
tnuiglii wita danger as making the patient ooont 
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, file principle taught by SnrgeoopMajor I«wrie, namdy, to oonoenixate the idude of 
attention on the bteathing of the patient, and not to pay the dightest regazd to the heait or 
pnlflo. I nndezstood that it had been clearly and satisfactorily pioTeS by Dr. Lander Bnmton 
and tite Hyderabad Commission that chloroform did not prove fatal by sadden stoppage the 
heart ; yet very little attention seems to have been paid to the addresses of Dr. Lander Bran> 
ton or Professor Wood at the Berlin Medical Congress last Angnst, when the views expressed 
by these gentlemen were distinctly opposed to each other. The profession in general are there* 
fore left as far as ever from a sound and definite basis for the administration of dilotofonn. 

1 am, Sirs, yonrs tmly, 

P. R. GABBBTT, 

Secunderabad, Deccan. Surgeon-Major, Medical Staff. 


ARTICLE BY Db. DUDLEY W. BUXTON, 

[Beprinied from “ Tlte Lancet ” of December 1890.] 

Oke of the dangers of controversy is the almost inevitable orystallisation of the thought 
of those who advocate, or press, the negative of any question. There is certainly some fear in 
the present juncture, lest the common-sense side of the chloroform question should be left out 
in the cold, while we hotly discuss the modus operandi of its death-dealing properties. On the 
present occasion 1 hope to draw attention os concisely os possible to the various practical issues 
involved in my title. Chloroform, I take it| cannot, even if we would, be laid aside ; it possesses 
properties so valuable and so useful that it will, perhaps for ever, remain a favourite anaesthetic 
with many operating surgeons and obstetricians. The main considerations, then, for practical 
men are : How for is it a dangerous agent, in what does its danger consist, aqd can this danger 
be abrogated or minimised so as appreciably to render the peril beyond ordinary computation 
either by methods of administration or other means ; and, lastly, how does it compare, os fiir as 
absolute safety goes, when placed side by side with other ansesthetics ? 


It may be said that the present time is hardly ripe for opening such an inquiry, mn n* 
the subject is still to be further elucidated by the clinical report promised ns by the Editors of 
The Laitoet. But we should remember that from its very nature such a report must be devoid 
of personal colour, being statistical, so that the experiences of practical anaesthetists can neithw 
forestall nor be devoid of value whatever may be the finding of The Lancet Chloroform 1ih 
quiry. Death under chloroform is, unhappily, a frequent occurrence. We hear of a few 
deaths, probably not all, and if we accept 1 in 8,000 as a working estimate of tiieir fireqnen^ 
we ate probably within the mark, although Surgeon-Major Lawrie sap he hu given ohknn- 



form five or ten times daily for fifteen years witiiont a oasoaliyy a mean of 40»000 anw- 
thetios ; and other exceptional estimates have been given by B^ndenSi 1 in 10,000 during the 
Chrimean War, and Hunter McGuire, 1 in 15,000 during the Secession War. These deaths may 
be due to— impure chloroform ; (2) careless ansesthetisation ; (8) careful but fculty method 
— ^in any of which events the chloroform is not to blame ; (4) the direct effect of the an«B»> 
thetio, due to its intrinsic properties, and unavoidable by care, skill, or the most approved 
methods. 

No. 1. — ^The impurities of chloroform which may produce untoward effects are free 
acid, free chlorine. These, however, always give rise to coughing, and assail the nose of the 
administrator as well as the patient. Chloroform, when left for long exposed, liberates noxious 
fumes, and should in this case not be used ; and chloroform, when given in a room heated 
strongly by illuminating gas, also decomposes, and most pungent and irritating fumes are given 
off, but only the utmost carelessness could fail to detect such a state of things. I think we 
may take it that by far the greater number of cases of chloroform deaths occur in public institu- 
tions, hospitals, &c., where the drug is in constant use and for several patients. We may fairly 
say then that reason No. 1 accounts for but few cases. 

No. 2. — Is probably a more common source of danger, and is one which is likely to be 
still more prolific of evil if the belief gets abroad, as a daily paper expressed it after the first 
authoritative statement, that the heart was unaffected by chloroform, that taking this anessthe- 
tic possessed no more danger than taking a glass of whisky-and-water. If the contention of those 
who deny primary cardiac syncope as a possibility in chloroform narcosis be just, any method 
which ensured due respiration and a percentage of chloroform below 4 per cent, must be 
approved and be safe, unless the personal equation of the administrator coming in changes 
the safety to danger by his failing to watch the respiration, &c. 

No. 3. — Undoubtedly some methods are open to grave cavil, but by far the most com- 
mon methods employed are the open method, r/c., the use of lint or a towel, Skinner’s mask or 
Junker’s apparatus, and these are not faulty in principle, although dangerous in that the 
administrator may through heedlessness lessen or increase the strength of the aniesthetio to a 
dangerous extent. 

No. 4. — Chloroform kills, all admit, through respiratory paralysis ; while observers are 
divided as to whether it also («) allows death through reflex shock in a patient partly or wholly 
under its influence, or (0 ) destroys life by direct and primary heart syncope. Admitting only 
that extinction ensues through respiratory paralysis, one party affirm, and so far justly if we admit 
their premisses, that the duties of the administrator are really free from anxiety ; watch the 
respiration, say they, and if it fails take your measures promptly — artificial respiration under- 
taken before the heart has given out (secondary heart syncope) will lead to resuscitation. On the 
other hand, those who contend that chloroform kills directly through the heart teach us a moum- 
fdl story. Take the utmost care, use the most perfect method in the most approved and oonsden- 
tious fis^on, watch for the inception of symptoms of danger and gvepplo promptly witib the peril, 
•ad yet in q>ite of all a certain number of the patients will die. Both will admit the danger 
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from hem sji^oope fleoondary to respiratorj fidlnrOf and both will anbmit that sncli deaths 
should not occur ; that they mean in many cases carelessness and deviation of the aniBstheiast*s 
attention from the patient, and both will assert that most of snch patients can be brought out of 
their peril by prompt and skilful employment of artificial respiration, It then becomes 
necessary to consider the evidence upon which these rival schools of thought and teaching base 
dheir opinion and practice* In this connection I would point out a most valuable source of 
information which has up to the present been but lightly laid under contribution, and which is 
capable of furnishing the most valuable testimony, I refer to the frequent cases which are met 
with by those who have a large practice in chloroforming in which untoward symptoms occur, 
but which not ending fatally are not recorded in the medical press, and perhaps noticed only 
by the chloroformist himself. 

Upon the question of primary heart failure the Hyderabad Commission have definitely 
assumed the position that respiration always fails before cardiac syncope ; in other words, that 
cardiac syncope is invariably secondary. The immense care with which the work of the Com- 
mission was conducted, the great help it received from the experience of Surgeon-Major Lawrie 
in chloroforming and that of Dr. Lauder Brunton in physiological research, render its conclu- 
sions of especial value, and justify us, 1 think, in saying that if primary heart failure from chloro- 
form is a delusion the Hyderabad Commission wore competent to prove the same up to the 
hilt. The evidence adduced is now common property, so that detailed quotation is needless. 
In chloroforming considerably under one thousand dogs, rabbits, &c., the Commission failed to 
induce primary syncope, and Surgeon-Major Lawrie in, say, 40,000 inhalations in human beings 
the bulk of whom we may assume wore Asiatics, never lost a i)ationt. Two classes of fatalities 
occurred among the lower animals — (1) death from failure of respiration, and (2) accidental 
deaths, the cause of which the report fails to recognise, excei)t that it assumes it was due to an 
overdose. An effort was made to bring about fatty changes in the dog’s heart by giving 
phosphorus, &c., but even then primary heart failure did not occur, nor were the Commissioners 
able to show any evidence of shock occurring in the lower animals whilst under chloroform. 
If this brief statement fairly represents the outcome of the Hyderabad Commission’s work, 
we find their evidence to be wholly negative upon this important matter. But the question of 
primary heart failure does not rest solely upon the negative evidence mentioned above. Snow 
and the older authorities fully recognised the condition ; and the Glasgow Committee, both in 
their original and recent reports, have distinctly asserted that even among the lower animals 
primary heart failure occurs, while it has been left for Professor MacWilliam of Aberdeen 
to explain the modus oj)eratuii of the prejudicial action of chloroform upon the heart. Again, 
the independent testimony of Professor Wood of Philadelphia has been given to the occurrence 
of primary heart failure imder chloroform, and quite recently he had been at the pains of 
re-investigating the matter, with a result confirmatory of his original decision. Reverting to 
the careful research of Professor MacWilliam, we find the following phenomenfi narrated and 
graphioally recorded by an ingenious arrangement of apparatus. Animals kept under artificial 
respiration worked by an arrangement which ensured equal and tranquil breathing, and at the 
same time enabled the operator to give any definite percentage of chloroform, were watched to 
see what effect the chloroform so given had upon the heart. This effect is notable. The heart 
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muflole lelazedi and dilatation took plaooi leadingy of oonrsei to gradual failnro of eiroiilatioii. 
Up to a certain point this ^ give” of the heart muscle was reooTeiable» and npon ehloroform 
being stopped the heart regained its normal tone and oontraotion. Other phenomena asso* 
ciated with the action of chloroform upon the heart are summed up under the term ** delirium 
cordis,” or a rhythm of the heart muscle leading to futile contraction of portions of the myo- 
cardium without assisting the viscus to effectually contract and expel its contents. In some oases 
the dilatation was sudden, and all efforts at resuscitation failed. These results are important, 
in so far as they are positive, not negative, and because they are demonstrable ; the heart is 
seen to undergo dilatation and to contract up to its usual capacity, or to give out altogether, as 
the case may be. We have, then, to a certain extent, a conflict of opinion — the one based 
upon negative, the other upon positive evidence, at least in the field of experimentation ; but 
I submit neither view can be allowed to go wholly unquestioned when w^e pass from dogs and 
monkeys to men. It seems consistent to examine how far the one or the other opinion is borne 
out in our experience in hospital and in private practice. I find that in most hospitals the 
directions are carried out which the Committee of the Royal Modico-Chirurgical Society pro- 
mulgated in 1864, and which are practically those re-asserted in 188S) by the Hyderabad Com- 
mission, viz.y recumbent posture, loosened dress, &c., and that the pulse is watched, — an ii\junotion 
which the more recent Commission strongly repudiates. And yet I find deaths constantly 
occur, and these deatlis arise, we are told by the ehloroformists, from primary heart failure. 
Respiration, it is asserted, does not fail first. It is competent for a dispassionate commentator 
to say that the hurry and excitement of a chloroform death are such that mistakes are easily 
made, and that it is a well-known fact that the thomx works as if in respiration even when no 
air can enter the lungs ; but, granting this, we have to remember two facts. The “ first aid ” 
to those in danger from chloroform is now widely known : the tongue is dragged out, and 
artificial respiration is started as soon as danger threatens. The other fact is that when the 
danger is duo to primary respiratory failure these measures restore life ; when duo to primary 
cardiac failure, they fail. Do most of the cases of peril under chloroform recover or succumb ? 

Sir Joseph Lister, in his classical article on chloroform in “ Holmes’ System of Surgery” 
tells us that he has saved more than one life by directing attention to respiratory difficulties 
under chloroform. But ehloroformists are not so careUws as to neglect the elementary law of 
the anaesthetist, r/c., to permit nothing to clistract his atUmtion from his patient. Again, the 
fact that Snow and Clover each mot with deaths proves that such events, however they may 
be lessened in number by skill and care, cannot be reduced to a vanishing point, A further 
consideration w’hich I am able to adduce from my jiorsonal exj>eriences is this, that of the very 
large number of patients to whom it has lieen my duty to give chloroform, or the substance 
called methylene, a certain percentage have given me anxiety. My plan is to use Lister’s open 
method or Krohne and Sesemann’s recent and useful modification of Junker’s inhaler, the 
flannel cap face-piece of which permits a free current of air to fiass through it, I also make it 
a rule to test the vigour of respiration by placing my hand over the mouth, to watch the colour 
of the patient’s face and ears, and to keep a finger upon an artery, always testing the initial 
rate and force of the pulse in that artery at the commencement of the operation. Pro- 
oeeding in this way I have sometimes found that the heart flags even when respiration, 
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judged ^ eye and the plan above meniionedy diows no aliexation*; that not <mly b 
ihote evidenoe of general feebleness of circulation, which might be attributed to &e fidl of 
blood-pressure, regarded by the Hyderabad Commission as protectiye, but that distinct and 
unmistakable cardiac enfeeblement occurs. Further, this is progressiTe, and likely, it has 
appeared to me in more than one case, to end in cardiac syncope unless prompt and vigorous 
'measures were used. Inversion, which undoubtedly would be highly prejudicial in chloroform, 
danger due to respiratory paralysis or asphyxial conditions, proves highly efficacious in such 
cases of cardiac and circulatory enfeeblement. In contending that a fall of blood-pressure is 
protective, I think a most important factor has been left out of consideration. For granted 
that such a fall leads to lessened intake of the narcotic vapour, it also determines a lessened 
output of that which still circulates in the blood. Things being equal, I believe that chloroform 
acts more harmfully upon poorly oxygenated blood and tissues, the anaemic, the cyanotic 
those whose circulation is depreciated by fatty changes in their heart and other viscera, than upon 
those better supplied with oxygen. On the other hand, oases present themselves when, from 
the nature of the operation, the chloroforming is complicated by partial asphyxial and these 
offer a contrast in that their danger reveals itself in respiratory difficulty leading even to cessar- 
tion of breathing. I have found, however, that such cases responded readily to artificial res- 
piration, and danger was over. Words give a poor idea of the contrast presented between 
these two categories of cases, but one has only to be brought face to face with them to be con- 
vinced that their difference is one of kind and not one of degree. Again, having once seen the 
heart relax and dilate under chloroform, as in Professor Mac William's experiments, one recog- 
nises the anatomical counterpart of the procession of events which one had encountered again 
and again in the operating theatre. It would subserve no useful purpose to attempt to explain 
the discrepancies which appear between the experiments undertaken by the Hyderabad Com- 
mission and those of other observers, or to reconcile these results with those arrived at by the 
daily observations — ^now hundreds of thousands in number — ^made by medical practitioners in 
surgical oases, but it may be mentioned that it has been amply shown, by experience with the 
lower animals and man, that the more highly organised and differentiated nervous systems are 
more easily affected by reflex shock. Fainting caused by emotion, common in man, is not a 
daily occurrence among dogs or monkeys. 

It may be remarked that it is singular that Professor MacWilliam’s dilatation was not 
discovered by the Hyderabad Commission. The conditions, however, were wanting, for 
their animals were permitted to die or get in extremh through respiratory difficulties so that 
stress of the ansesthetic was made more evident in most cases qud the respiration than qud the 
heart, although some of the cases must undoubtedly have revealed the condition had it been 
sought. A farther point noticeable about dogs is that they are peculiarly susceptible to respirar 
tory failure under chloroform, and in performing physiological experiments upon them the 
utmost care has to be used unless artificial respiration be employed to prevent death fxmn 
cessation of natural breathing. 


Under the last heading I inquired what conclusions practical men must arrive at when 
comparing chloroform with other aasssthetics, and here I will not press the point beyond 
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inslitittiiig a rongh^ndHready comparison between ohlorofonn and eiiher, when boili are 
administered by skilled persons employing good methods ; and I am bonnd to say that etber, 
whatever may be urged against it, has fewer deaths to account for than chloroform. It bas 
been said that chloroform kills at or during the operation, whefeas ether kills afterwards. This 
is not my experience. One’s kind surgical friends usually keep one well informed of un- 
toward results following or traceable to the ansesthetic, and yet I have not found ether after- 
effects more severe or dangerous than those arising from chloroform. The subject of this 
communication is the administration of chloroform, so that I will dismiss this ether digression, 
and conclude by inquiring, Where does the above reasoning concerning chloroform leave us ? 
I submit there exists a considerable bulk of direct evidence pointing to the truth of the 
existence of primary heart failure under chloroform, due to a distinct anatomical result of the 
anaesthetic, and that disregard of the pulse must tend to induce the ancesthetist to overlook the 
impending danger, while a careful watch over the colour and pulse, on the other hand, would 
give timely warning for measures to be adopted which would stave off the peril. Respiration 
must, of course, also be noted, as death may arrive through that channel. Skill and a lively 
sense of responsibility, which is not fear of chloroform, will do much to lessen deaths from that 
ansssthetic, but I submit the courage or recklessness begotten of a false sense of security must 
only end in still further increasing the death-rate from chloroform, already unnecessarily high. 
AVhile thus contending that chloroform kills through the hwrt as well as the respiration, 
I would not be understood in any way to deprecate its use and value in suitable coses. Because 
we recognise its dangers it does not follow that those dtingers assume an exaggerated appearance 
indeed, the reverse effect is likely to obtain, especially if wo at the same time loam how to 
recognise and guard against them. 

Mortimer-streot, W. 


ANNOTATION. 

From “ T}w Lancet Dec. 27, 1890. 

In the course of his presidential address, delivered at the annual meeting of the South- 
Western State Medical Society of Ohio, Dr. J. C. R<*eve reviews with some care the expe- 
rience of American surgeons concerning deaths under chloroform. Reports of such casualties 
occurring in the States lead him to tabulate the following as causes of demth (1) Sudden 
death during the stage of struggling or excitement, and this form he finds to occur with alarm- 
ing frequency. (2) Death from respiratory failure. (3) Death from cardiac paralysis, the heart 
ceasing to beat while respiration goes on. (4) Death when respiration and circulation appear 
to stop simultaneously. As to frequency, deaths from cardiac failure are said to be largely in 
excess of those due to respiratory paralysis. Dr. Beeve criticises the results arrived at by the 
Hyderabad Ciommission on the grounds that the number of their experiments was too small 
when as good a record is extant as 1 death in 28,000 administrations. Confederate Army ; 1 in 
15,000 (Hunter McGuire). He adds that such records do not represent the true mortality, as 
some hospitals show as high a rate as 1 death in 200 administrations. Dr. Beeve questions the 
validity of argumenis bas^ upon experiments made upon the lower animals, pointing out that 
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it if a well saWianiiated &oi that drags do not always affect baman beings and the lower ani* 
mob the same way, elateriom kills dogs bat does not purge them, pigeons bear enormous 
doses of morphine, and rabbits cannot be killed with belladonna. The weight of clinical evi- 
dence alike of England (Snow), Germany (Enppeler), and America, Dr. Reeve avers, is 
entirely against the Commission’s finding that primary heart failure does not occur in chloroform 
narcosis, and cases are cited in which it is stated the heart stopped before respiration ceased. 
He concludes by saying: 1 protest, in the interest of patients, against the doctrine that chlo« 
reform can be administered with absolute safety and Dr. Reeve insists that such a conclu- 
sion can only be arrived at by “ ignoring a vast amount of evidence, both experimental and 
clinical,— evidence which outweighs all theories and all doctrines, no matter whose names may 
be appended to them.” We consistently with our motto, “ Avdi alteram partem^^ can at present 
only weigh evidence, and are most willing to receive testimony both for and against the views 
which have been advanced by Snow and Clover on the one hand and Syme and Lister on 
the other. 

[Dr. Reeve’s “ vast amount of clinical evidence”, like Dr. Dudley Bux- 
ton’s “ considerable bulk of direct evidence pointing to the existence of primary 
heart failure under chloroform”, is worthless evidence of what occurs in abnor- 
mal chloroform administration. All reliable evidence supports the dictum of the 
Hyderabad Commission that normal chloroform ana 38 thesia is free from risk.] 

ARTICLE IN THE LANCET, March 14th, 1891. 

BY 

Surgeon-Major EDWARD LAWRIE. 

Since the publication of my clinical lecture in Tl\e Lancet of Nov. 29th, 1890, I have 
received numerous letters from Europe and from different parts of India requesting me to draw 
up authoritative rules showing briefly the method of chloroform administration which experi- 
ence, based upon Syme’s principles and upheld by the Hyderabad Commissions, has shown to 
be uniformly safe; — 

(1) The chloroform should be given on absorbent cotton stitched into an open cone or 
oap. (2) To ensure regular breathing the patient, lying down, with everything loose about the 
neck, chest, and abdomen, should be made to blow into the cone held at a little distance from 
the face. The right distance throughout the inhalation is the nearest which does not cause 
struggling, or choking, or holding of the breath. Provided no choking or holding of the 
breath occurs, the cap should gradually be brought nearer to, and eventually may be held 
close over, the mouth and nose as insensibility deepens. (3) The administrator’s sole object 
while producing anaesthesia is to keep the breathing regular. As long as the breathing is 
regular, and the patient is not compelled to gasp in chloroform at an abnormal rate, there is 
absolutely no danger whatever in pushing the ansesthetic till full anaesthesia is produced. (4) 
Irregularity of the breathing is generally caused by insufficient air, which makes the patient 
struggle or choke or hold his breath. There is little or no tmxdency to either of these untowiud 
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events if sufficient air is given with the chloroform. If they do oocnr the cap mnst be removed an< 
the patient must be allowed to take a breoth of fresh air before the administration is proceeded 
with. (5) Ftdl anfesthesia is estimated by insensibility of the cornea. It is also indicated b] 
stertorous breathing, or by complete relaxation of the muscles. Directly the cornea become 
insensitive, or the breathing becomes stertorous, the inhalation should be stopped. The breath 
ing may become stertorous while the cornea is still sensitive. The rule to stop the inhalatioi 
should notwithstanding be rigidly enforced, and it will be found that the cornea always be 
comes insensitive within a few seconds afterwards. It is only necessary to add that the patien 
should be so dressed for an operation that his respirator}* movements can be seen easily by th< 
chloroformist. In the climate of India tliis is not difficult to manage, but it is difficult h 
manage in the climate of Europe; so that in this respect, and in this respect alone, the chloro 
formist in England is placed at a distinct disadvantage compared with the chloroformist ii 
India. Proceeding in the above way chloroform never produces any \m\ effects, and its admin 
istration, in any case which is fit for an operation, is entirely free from danger. 

[The Hyderabad Commission iine(iiiiv^oeally adopts tlio sugfgestion o 
Dr. William MacEwcn in the great discussion on Amcstlu'tics in Glasgow tha' 
“ every one of the patient’s respirations should be registered on the admin- 
istrator’s tympanum.”] 

I have dniwn attention to the danger of taking the circulation as a guide as to the eflbc 
of chloroform, • and should not furtlior allude to it but for an article on chloroform administra 
tion by Dr. Dudley Buxton in 21te Lancet of Dec. 13, ISUO. This article is by far th< 
cleverest that has yet appeared from our adversaries, but Dr, Dudley Buxton's teaching con 
demns itself. His plan of giving chlorofonu is — “ (1) To uso Ijihter's open method or Krohm 
and Seseraann’s recent and useful HKiditicjition of rlunker's inhaler ; (2)fot(wt the vigour o: 
respiration by placing my band over the mouth ; (3) to watch the colour of the jmtient's fttc< 
and ears ; (4) to keep a finger upon an artery — always testing the initial rate and force of th< 
pulse in that artery at the commencement of tins operation.” 

The first remarkable point in these rules is that no fixed principle of (;hlorofom; 
administration is laid down. The chlorofonnist may employ indiscriminately the open method oi 
an inhaler, according to his fancy. In the second place, if the chloroformist places one banc 
over the mouth to test respiration, and kee[)s the finger of the other uj)on an artery, as Dr 
Buxton recommends, it is difficult to understand how the ansesthetic is to be administered, 
unless the patient is to do it himself. The severest condemnation of the method, however, it 
to be found in Dr. Dudley Buxton’s own words. He says ; “ Proceeding in this way 1 
have sometimes found that the heart flags even when the respiration, judged by the eye 
and the plan above mentioned, shows no alteration ; that not only is there evidence oi 
general feebleness of circulation, but that distinct and unmistakable cardiac enfeeblemeni 
occurs. Fur^er, this is progressive, and likely, it has appeared to me in more than one cas< 
to end in cardiac syncope, unless prompt and vigorous measures were used.” This showi 

• riU Lancet, KoTCoOier im 
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plainly ilbe plan is faulty, if not impracticable ; in fact, it stands self-condemned* Tbme 
* is^erer any dangerons enfeeblement of the general circnlation or of the heart in the metibod of 
giving chloroform recommended by the Hyderabad Commission. Dr. Dudley Buxton can 
readily satisfy himself of the truth of this statement by giving our method a thorough and 
impartial trial. None of our critics have done this yet, but if one fain-minded man of Dr, 
'Buxton’s calibre were to do so, he would in&llibly convert himself to our views, and the 
conversion of the rest of London would follow in time as a matter of course. Dr. Buxton 
states that ** having once seen the heart relax and dilate under chloroform, as in Professor 
MacWilliam’s experiments, one recognises the anatomical counterpart of the procession of events 
which one has encountered again and again in the operating theatre.” This statement goes far 
to prove that there must be some fallacy about Professor MacWilliam’s experiments. As a 
surgeon I care very little what happens to the heart when it is subjected to such abnormal treat- 
ment as is involved in lajdng open the thorax and pumping chloroform into the lungs in order 
to prove that it is directly affected by chloroform. We might just as well pump in boiling 
water, and then tell old women they are not to inhale steam when they get bronchitis. But it 
is interesting to be told by such an authority as Dr. Dudley Buxton that Professor MacWilliam’s 
results form the anatomical counterpart of a method of chloroform administration which causes 
general feebleness of the circulation and of the heart, and there is very little doubt that they 
do. Professor MacWilliam’s premiss that heart failure is not necessarily accompanied by a fall 
of blood-pressure is manifestly unsound, and his description of rhythmic cardiac relaxation and 
dilatation, under chloroform, is open to the fatal objection that he has not shown that the move- 
ments of his base line, by which they were estimated, were not produced by relaxation of the 
diaphragm, pushing up the heart through his artificial opening. If his heart dilatation can 
really occur without fall of pressure, or when chloroform is properly given, it must be a 
natural condition and free from risk. 

The Hyderabad Commission has proved that there is no such thing as chloroform 
sjmcope, and that in death from an overdose of chloroform the respiration always fails before 
the circulation. What the harmless fall of blood-pressure in normal chloroform administration 
is due to, as well as what happens to the heart after the respiration fails from overdosing, which 
are the only two points left open to discussion by the Hyderabad Commission, must be entrusted 
to physiologists to determine. In the telling words of Dr. Bomford, “ it is sufficient for us 
as practical men to know (1) that the heart is the very last organ to give in under the action of 
chloroform, and (2) that there is no more danger of permanently paralysing it in chloroform 
administration, than there is of paralysing the legs and giving the patient paraplegia.” 


LETTER FROM Dr. DUDLEY W. BUXTON, 

To THK Editors of “The Lancet.” 

Sirs, — Surgeon-Major Lawrie’s personal reference to me calls for a brief reply. My 
paper was not intended to instruct in the elementary methods of administering chloroform. 
Bo 1 omitted details which I thought were familiar to all who had mastered the subject of 
chloroform administration, am} were not so wedded to one method as to allow themselves to 
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remain ignorant of all others. The open method^ or that of Sjme and Simpsoni is so well 
and fully set forth in Sir Joseph Lister’s artiole in “ Holmes’s System of Surgery,” written 
in 1861, that it appeared to me to be superfluous to describe it in the columns of a journal 
like The Lancet / but since Surgeon-Major Lawrie has deceived numerous letters from 
Hurope concerning it, and has gone to the pains of describing it, I suppose I am wrong in 
supposing that the ABC of the chloroformist’s duties are pretty generally understood. 

With regard to the second method to which I alluded, that in which Junker’s inhaler 
is employed, I must say that your correspondent is clejirly wholly unacquainted with the 
method, or he would not have permitted himself to indulge in such playful criticism. Hja 
humour loses none of its point when read by a person who is familiar with Junker’s apparatus. 
I may just say that, with average intelligence and common-sense, the inhaler can be used 
without necessitating Surgeon-Major Lawrie’s suggestion being carried into effect, and the 
patient compelled ‘‘ to do it himself.” Further, the argument which ho adduces, tv.:., that be- 
cause I had seen various degrees of heart failure and circulatory trouble, therefore my methods 
are erroneous, is an instance of wdiat logicians call a ^wtitio j>rincipi/\ and proves too much. In 
the first place, the open method, to which my remarks mainly referred, is precisely the method 
which the Hyderabad jOommLs^ion, following Syme, advocates. I as well as many others in 
Europe, learnt the method before the session of the Commission. That Surgeon-Major Lawrio 
has never seen the heart fail and that I have is not suq>ribing, because he has never felt 
the pulse or examined the action of the heart during chloroformisation, and I have. That 
Burgeon-Major Lawrie has had many cases 1 do not for a moment doubt, only he has over- 
looked them, and as, fortunately, in most cases respiratory rhythm is affected pari passu with 
cardiac enfeeblement, he has seen the danger-signal ^pul the respiration, and has taken mea- 
sures accordingly. 

I am further stated to give no fixed princijJe of chloroform administration, and in my 
paper, to which reference has been made, I admit such is the case, and for the reason above 
stated, that my object was argumentative rather than didactic. In my lectures and practical 
demonstrations I believe I am dogmatic enough, but personally I regard dogmatism in dis- 
cussion upon scientific subjects in a scientific jicriodical as unseemly and valueless, In con- 
clusion, may I draw attention to a sentence against which I am bound to enter a protest ? It 
runs : “ The Hyderabad Commission has proved that tliere is no such thing os chloroform 
syncope, and that in death from an overdose of chloroform the respiration always fails before 
the circulation.” I submit the Hyderabad Commission has done nothing of the kind ; its 
conclusions were based upon purely negative evidence, and were not w’arranted by the facts 
before the profession, and I am strongly of opinion that any teaching which tells chloroformists 
to ignore the pulse is fraught with danger. I am greatly obliged to Surgeon-Major lawrie 
for his courteous reference to myself, and can assure him that 1 constantly employ the open 
method and obey the rules he, following Syme, advocates ; but I also watch the pulse. 

1 am, Sirs, your obedient servant, 

DUDLEY W. BUXTON. 

Mortimernrizeet, OavendiatH^tuarei W. 

17 ♦ 
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uiux im FROM Subgeon-Majob EDWARD LAWRIE, 

To THE Editors op ^ The Lancet 

BmSy—Dr. Dudley Buxton cannot be allowed to depart from his original statement. 

^ He described his method of giving chloroform in the following precise terms (the italics are 
mine) : My plan is to use Lister’s open method or Erohne and Sesemann’s nsefol modification 
of Junker’s inhaler. I also make it a rule to test the vigour of respiration by placing my hand 
on the mouth, and to keep a finger upon an artery.” It is this plan which I ridiculed. Dr. 
Buxton now dexterously tries to make it appear that my criticism was directed against Junker’s 
inhaler, and that he gives chloroform on Byrne’s principles, though Syme never took the pulse 
as a guide. Dr. Dudley Buxton’s plan is impracticable, and its absurdity is only surpassed by 
the absurdity of the method of another specialist, Mr. Rickard W. Lloyd. Mr. Lloyd proceeds 
to give chloroform* with the sprinkled lint lying on the separated fingers of my right hand 
in front of the mouth, which enables me to feel the force of expiration, with my left middle 
finger on the left temporal pulse, and my left thumb holding up the left upper lid of the patient 
and testing the corneal reflex when necessary.” Mr. Lloyd thus endeavours to obtain inform- 
ation as to the state of the patient from three if not four distinct tactile impressions at the same 
time, which is just as dangerous as it would be for one of my students to administer chloroform 
to three or four patients all at once. Dr. Dudley Buxton further states that I must have had 
many cases of heart failure under chloroform which I have overlooked, because “ Surgeon- 
Major Lawrie has never felt the pulse during chloroformisation.” The whole of this statement 
is a gratuitous invention. All my operations are performed in public ; I have never had a case 
of heart failure, and 1 frequently take the opportunity of demonstrating that the action of the 
heart and the pulse are invariably regular when chloroform is properly administered. I do not 
allow the pulse to be taken os a guide as to the effect of chloroform, because I know it is no 
less useless than dangerous. 

Finally, Dr. Dudley Buxton asserts that the Hyderabad Commission has not proved 
that there is no such thing as chloroform 8}aioope, because its conclusions are based upon 
purely negative evidence.” If Dr. Buxton were as familiar with the A B C of logic as he 
would have us believe he is with the A B 0 of the chloroformist’s duties, he would know that 
proof of the absence of anything must always be negative proof. The rest of Dr. Dudley 
Buxton’s letter consists of a bald statement of creed, unsupported by any explanatory reasons, 
and does not call for further notice. 


May 11th, 1891 


1 am, Sirs, your obedient servant, 

EDWARD LAWRIE, Surgeon-Miajor. 


• VidM TuIi4X0aT, April 1S91. 



LETTER FROM Dr. DUDLEY W. BUXTON, 

To THB Edxtobs of **Thb Lakcst’\ 

S 1 B 8 ,— ’Together with other earnest seekers after troths 1 mnoh regret the tone and 
lack of oonrtesy in Dr. Lawrie’s reply to my letter npon this subject. Dr. Lawrie will hardly 
strengthen his position by accusing me of gratuitous invention,” or by the sneer oonveyed in 
his sentence : *^If Dr. Buxton were as familiar with the A B ti of logic as he teould have us 
believe he is with the A B C of the chloroformist’s duties, he would know that proof of the 
absence of anything must always be negative proof.” The italics are mine. Unfortunately for 
Dr. Lawrie’s argument, he quotes my words, which are “ its (/.<?., the Hyderabad Commission’s) 
conclusions are based upon purely negative evidence."’ I cannot suppose Dr, Lawrie can con- 
fuse the terms “ evidence ” and “ proof” or the phrases “ negative evidence” with negative 
proof.” If he does, I may perhaps be excused if 1 declined to accept his views upon the rules 
governing the constitution of the logical syllogism. Dr. Lawrie again indulges in calling what 
he regards as my methods ” by hard names ; but this I can forgive, for he evidently does not 
understand in what they consist. Unless purely personal matters are excluded in discussing 
questions, the foundations of which are purely scientific, 1 must decline to participate in them. 
It cannot tend to increase our knowledge of the physiological action of chloroform for us to 
hear that Dr. Lawrie of Hyderabad regards Dr. Dudley Buxton’s [of London It] method as 
“impracticable,” and its “ absurdity only surpassed by the absurdity of another specialist.” 
Such an unguarded manner of expression can subserve no useful purpose. 

I am. Sirs, yours obediently, 

DUDLEY W. BUXTON, 

Ansssthetist in University College Hospital. 

Mortimbb-stbeet, W., May 18th, 1891. 

[Dr. Dudley Buxton accuBos Surgeon-Major Lawrio of lack of courtesy, 
and if the accusation were well founded, Surgeon-Major Lawrie would apologise 
to the whole profession. But the view we take of the matter is this. If 
specialists publish their plans of chloroform administration, while adversely 
criticising the Hyderabad Commission, they can have no possible ground of 
complaint if they are criticised, however severely, in their turn. It argues no 
discourtesy that wo consider and know it to be impracticable to give chloro- 
form safely or properly in the manner described by Dr. Dudley Buxton as 
** my plan”. 

Dr. Buxton made a statement regarding Dr. Lawrie’s practice which is 
inconsistent with fact. We have yet to learn that any lack of courtesy is 
involved in the opportunity Dr. Lawrie afforded Dr, Dudley Buxton of 
honorably withdrawing this speculative misstatement when he pointed out 
that it was a gratuitous invention.] 
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ARTICLE BY ARTHUR R. CUSHNY, a.m., m.b. (Aberd.) 

(FROM THE PHYSIOLOaiOAL LABORATORY OF BERN UNITERSITY.) 

‘‘ Tlie Lancet March lith^ 1891. 

The report of the Hyderabad Chloroform Commission has been read with interest not 
only in England and America, but also in Germany and Switzerland, where it has aroused 
widespread discussion and comment. In the latter country especially, which is at present in 
the throes of a discussion as to the respective merits of the rival anaesthetics, the report of the 
second Commission was awaited with anxiety and received with much approbation by the 
numerous advocates of chloroform. On the decision of the Commission becoming known. 
Professor Kronecker of Bern, whose pupils, Ratimoif and Schemey, had already shown the 
poisonous action of chloroform on the heart, suggested that I should make a few experiments 
on the subject. The details of those will bo published elsewhere, and I will here state merely 
the general results. 

By the Hyderabad Commission no experiments seem to have been made with chloro- 
form vapour of ascertained concentration, and, as this factor seems to be of considerable 
weight, I have used an apparatus* in which it could be exactly regulated. This consists ot 
two wash-bottles, one-third filled, the one with chloroform, the other with water. Part of the 
air inspired by the animal passes through one, part through the other, and becomes saturated 
with chloroform fumes or water vapour accordingly. The proportion of the chloroform 
saturated to the moisture saturated air is regulated by two graduated stopcocks (Kroneckner’s 
Schiehhahn), The two currents unite, and are led by a short tube to the tracheal canula. 
Expiration is provided for by a small hole in the sheath of the latter, which is covered by a flap 
of moist goldbeater’s skin, to prevent the inspiration of air which has not first passed through 
the apparatus. In order to exclude all chance of asphyxial complications, and to allow a 
regular amount of chloroform to be absorbed in a given time, the air was driven through 
the apparatus by a machine for artificial respiration. The animals used were dogs and rabbits, 
and the experiments wore carried out at ordinary room temperature (15° to 17° C.). The 
movements of the heart and respiration were recorded by a heart needle and diaphragm lever, 
and tracings were taken in almost all the experiments. In the respiratory tracing the curves 
formed by spontaneous respiration were combined with those caused by the artificial inflation 
of the lungs, but could be easily distinguished, and the moment of cessation of the former 
ascertained. When this occurred artificial respiration was generally stopped for a few 
seconds, to see if any spontaneous movements occurred. I may here state that the heart 
needle was not found to bo an accurate index of the heart beat, as in some cases 
it continued to vibrate after paralysis of the ventricles, owing to the continued pulsation 
of the auricles communicating a motion to the ventricles through which the needle 
passed. In all oases, therefore, in which there was any doubt as to the condition of the 
heart, artificial respiration with air was resumed, and the heart observed directly by opening 

* Ratlmoff and Bcheiaey used the same appaxatufl in their experiments. 
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the thonx. As soon as ohloiofonn ym applied to a rabbit (except when the vaponr was 
greatly diluted with air)» the animal began to struggle and the respiration became irregnlar 
with expiratory gasps, or almost ceased for a few seconds* Very soon the stage of rapid 
respiration described by Knoll set in* In those cases in which the air was saturated with 
chloroform (/>., in which all the air inspired passed through the chloroform bottle), this stage 
only lasted from twenty to sixty seconds. In cases in which a lower concentration was used 
it lasted much longer, sometimes for two hours, but in all the spontaneous respiration gra- 
dually got shallower without getting slower, till it ceascnl entirely. The condition of the heart 
at this moment varied with the concentration in which the >’apour had l)een blown into the 
lungs. Of seventeen rabbits chloroform^Ml with saturatcHl air, in five the wliole heart continued 
to beat, in nine one or both auricles were in nipiil motion while the ventricles were still, in one 
the left auricle alone was paral}*sed, while in one the whole heart was in diastolic standstill. 
In rabbits which were anaesthetised with a mixture of (ddoroforin vapour and air, i>,, in 
experiments in which the stopcock on the water-bottle was |Kirtinlly open, the whole heart was 
invariably found beating, hut the more chloroform the mixture contained the weaker was the 
heart beat. Even when only four parts chloroform-hearing air were mixed with ninety-six parts 
pure air the respinition cetised, though only after from two hours to tw(» houre and a-lmlfs 
exhibition of tlie drug. AVith lower coiicentmtions than this I could not obtain narcosis, and 
did not attempt to find how long an animal could Ik» exposed to the va]>our. 1 tat im off found 
that rabbits could be kept narcotised for ^i\ luuirs without the n^spiratioTi censing, Paul Bert, 
on the contrary, fniiid that dogs died after two hours and a-halfH constant inhalation if tho 
narcosis w^as complete. Severid dogs wc're chlorofornunl by the same method, and in all of 
these, how’ever concentrated the chloroform vapour, tho respinition tmsed, while the heart 
could still be felt pulsating. A rather higher conceutmtiun was re<|uired to keep dogs narco- 
tised than w’as necessary' for nibbits. 

In regard to the restoration of spontaneous resj)inition, in both dogs and rabbits, I found 
that success depended not so much on the length of tin* intor\al between the cessation of the 
spontaneous and the rocoiumoiicement of the artificial n'spinition as on the concent nition in 
w'hich chloroform had been given. In dogs inflation of the lungs was successful in all cases. 
In rabbits, on tho contniry, it was impossible to resfon^ life when clilorofonn-sutunited air had 
been used, however soon after panilysis cd’ the respiration restoniti\e imnisures wore taken. 
When a half-and-half mixture was iLs(*d, three out of eleven animals could las resuscitated, and 
with lower concentrations th<» pro[»ortioii of recoveries iucn»ased till ladow 25 per cent, all 
animals could be restored. In one case, in which a 4 per cent, mixture was used, an interval 
of three minutes elapsed before artificial respiration w’as begun, and the animal still recovered. 
The chances of recovery after |mralysis of tho respiration, in fact, depend entirely upon the 
condition of the heart, and therefore on the conceiitrution in which the Jnig bos Ijoen used. 
If, as is the case in rabbits, the heart is very much weakened by very concentrated adminis- 
tration, it is impossible to restore tho respiration. If, on tho other hand, the heart is com* 
paratively unaffected, as in dogs, or in rabbits in which tho drug has been administered in a 
more diluted form, the animal can always be revived provided the necessary measures are taken 
within a reasonable time. The essential point is that the drug be given in sufficient dilution 
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to ayoitt its atotion on the hearty and if this dilution oan be ioffidenily prorided for, ohaeryatioo 
ol the pulse is not absolutely necessary. Although I cannot agree with the Hyderabad Com- 
mission that the heart always continues to beat after respiration ceases, yet the difficulty in 
maintaining the concentration necessary to paralyse the heart simultaneously with ihe respiiv 
ation is extremely great, and 1 should think that in ordinary chloroform administration such a 
simultaneous paralysis can never occur. 


As, in the great majority of my experiments, death was due to the respiration alone, 
some experiments were made to find the condition of the medulla oblongata during chloroform 
narcosis. This question was approached by an examination of the reflexes connected with it. 
I found that these all ceased before the respiration, and returned (in cases where the animal was 
revived) some time after spontaneous respiration had set in. The more concentrated the 
mixture, the shorter the interval between their disappearance and that of respiration. The 
first to cease to act was the comeal reflex, then that on the respiration from the nasal branch 
of the trigeminus, then the swallowing reflex from irritation of the soft palate or of the superior 
laryngeal nerve ; and, last of all, Traube’s active expiratory reflex from expansion of the lungs. 
The reflex in dogs were not so carefully noted as in rabbits, but in general presented no 
marked differences. 


The respiratory centre, as Knoll has pointed out, is affected differently in different 
stages of chloroform narcosis. At first it is acted on by the reflexes first from the nose then 
from the trachea and lungs. Then the rapid stage of respiration sets in. This occurs after 
division of the vagi, and is due to stimulation of the vagus roots in the medulla, and not to 
stimulation of the respiratory centre itself ; for, if the latter were the case, the result would be, 
as Marckwald has pointed out, respiratory spasms ; whereas, after section of the medulla above 
the centre and division of both vagi, chloroform breaks up the resulting spasms into regular 
respirations exactly as weak tetanisation of the vagi does. Last of all, the centre is paralysed 
by chloroform, and fails to respond to electrical stimulation of the medulla. The blood-pressure 
was registered in several experiments in which the drug was administered in weak concentra- 
tion, and I found that there occurred a slight rise and then a very gradual uninterrupted fall. 
In very weak form (4 per cent.) chloroform caused no preliminary rise, but a slow fall from 
the very first, though so gradual was the change in pressure that it could only be seen by 
comparing the curves at intervals of ten minutes. No such sudden falls of pressure were seen 
as have been noted by some critics of the Commission, which is perhaps to be explained by the 
abundant and uninterrupted supply of air to the lungs. I may remark that in those experi- 
ments in which the movements of the heart were registered directly, they never showed any 
sudden change, but a gradually increasing weakness, which culminated in paralysis or passed 
off, according as chloroform was continued or shut off. 


For the sake of comparison a few experiments were made with ether, and the same 
stages were observed as with chloroform, death occurring equally rapidly if undiluted ether 
vapour was used, and being due to paralysis of the respiration alone or with accompanying 
heart paralysis. In one case delirium cordis was observed after a minute and a quarter’s in** 
halation. Babbits ansssthetiised with pure ether vapour could not be revived by ariffidal ie»* 
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pintion. Dogs always ceased to whUe the heart iscmiiniied to beaii as also 
which diluted vapour had been giveU) and the majority of these could be revivedL The refleotee 
appear to behave in the same way as in chloroform naroosist Ether was borne in higher coiH 
centration than chloroform^ and the respiration could be more certainly restored* For 
example, in one case 8 per cent, was given for two hours without killing the animal, while 
with chloroform 5 per cent, was fatal after one hour and arhalf. This fact is the more 
striking because a very much larger quantity of ether than of chloroform is given in a 
concentration of 8 per cent. Theoretically, 2*7 times as much ether as chloroform should 
be carried to the lungs by a given quantity of air, and by actual experiment I found a 
proportion of 2*61 : 1. In both ansesthetics the action on heart and respiration seems the 
same, a difference in degree only being perceptible. Ether can be given in greater 
quantity with safety ; but so long as the pnqH>rtioii of drug to air is kept low enough 
either can be used with safety. The concentration necessary to keep rabbits and dogs 
“ under ” chloroform is respectively four anti eight parts chloroform ^'llpour (at from 15° to 
17° C.) to ninety-six and ninety-two jmrts pure air. Since, however, the concentration 
necessary to maintain narcosis juried in different hpecics of animals, no inference could be made 
as to that necessary for men, and my results would have lK)en incomplete had I not been 
enabled through the kindness of Profe'^sor Ginird and Dr. Nielmns to wirry out some experi- 
ments in their operating threatre in liem Inselspital. In these ex{>eriments the anfesthetio 
W’as given in the same way as in my exjwriments on animals, with the exception that, instead 
of a tracheal caiiula, a Y-sha|K3d glass tul)e was used, the two ends fitting tightly into the 
patient’s nostrils, ExpiniHon was allowed through the mouth, but inspiration through it was 
prevented by a valved res})imtor. The juitients in general did not objtKjt to the method, and 
one who had to be ansesthetised again some days subsecpiently beggc^d that the ap]>aratas might 
be used again instead of the mask, Karcosis was attained in from five to twelve minutes by 
a mixture of 15 or 20 per cent, of chloroform, and could be kept up by continued inhalation 
of 5 to 7 per cent, in children and of 7 to 10 per cent, in adults. Almost no excitement oocniv* 
red. Throughout the narcosis the face and conjunctiva nmiained nnl, and in several cases the 
concentration necessary to keep up insensibility writh retention of the corneal reflex was main- 
tained. With ether adults were narcotised with difficulty, and only after prolonged inhalation. 
Anaesthesia was afterwards kept up by a concentration of 10 to 15 per cent. Ohildren pre* 
sented less difficulty, requiring 25 to 80 per cent, to induce insensibility, which continued 
uninterrupted with a concentration of 10 to 15 per cent. In all cases the usual increased 
secretion of tears, saliva, and mucus was manifested. The difficulty in inducing narcosis with 
ether seems to confirm the theory of many observers that ether alone is insufficient for this 
purpose, and must be aided by a partial asphyxia. 

The results of these narcoses may be summed up shortly by saying that, to maintain 
narcosis with chloroform, a concentration of five to seven and seven to ten parts of chloroform 
saturated to ninety and ninety-five parts pure air must be adopted for children and adults 
respectively ; while if ether be used, a concentration of ten to fifteen parts saturated to ninety 
and eighty4ve parts pure air is suitable for all ages. The drug may be inhaled in a 
h ig h er oonoentnticn to induce naroosisy buty as soon as the eyelid reflex disappears^ the above 
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proportions sbbnld be given. The use of the above apparatus (which will be more fully de- 
scribed in the Zeitschrift fUr Biologie) offers an easy method of regulating the strength of the 
inhalation, but, if the usual method is adopted, the ansssthetic should be poured on frequently 
and in small quantities rather than at longer intervals and in largest doses. By the latter 
method of administration the narcosis is rendered unnecessarily, and often dangerously, deep 
for a short time, and then quickly passes off ; while by the former it is kept at approximately 
the same depth throughout. 


ARTICLE BY Sukgeon-Major EDWARD LAWRIE. 

“ Tlui Lancet ”, July 1891. 

The article on chloroform and ether by Dr. Arthur R. Cushny in The Lancet of March 
14th, 1891, is a valuable and opportune contribution to the literature of anaesthetics, and is 
especially welcome to the Hyderabad Oommissioii. Dr. (^ushny agrees with as in so many 
important particulars that it is impossible to regard him as anything else than an ally ; and 
though the cause of the Commission does not require bolstering, Dr. Cushny’s experiments and 
report are the best support we have had yet. 

Dr. Cushny agrees with us that the effect of other is precisely similar to that of chloro- 
form only less intense, and that it is very difficult to produce narcosis at all with ether apart 
from asjffiyxia. On the practical question ho says, “ in ordinary chloroform administration 
such n siinulhineous paralysis of the heart and respiration can never occur,” and he further 
states that ‘‘ no such sudden falls of pressure wore seen as have been noted by some critics of the 
Commission, which is perhaps to be explained by the abundant and uninterrupted supply of air 
to the lungs.” 

On all those points Dr. Cushny is clearly a friend to be welcomed. Where ho appears 
to bo wrong is in overlooking the effect of the residual chloroform in the lungs after he has 
finished jniinping chloroform into the trachea. It is obvious that artificial respiration must be 
much more likely to fail when the air in the lungs is ssiturated with chloroform than when it 
only holds a very small proportion of the poison. The Hyderabad Commission succeeded in 
giving chloroform, by the ordinary method of inhalation, in such a dose that artificial respira- 
tion failed to get rid of it quickly enough to save the animars life. This occurred in dogs ; 
and in dogs, with Dr. Cushny, artificial resjiiration was always successful. In these cases he 
must allow that the inspired air was fully saturated, and in all of them every by-standor, includ- 
ing T/ie LanceCs chosen representative, Dr. Lauder Brunton, was satisfied that the heart cont- 
tinued to beat after, generally long after, the respiration had ceased. Whether or how far the 
Hyderabad Commission experimented with dilute chloroform is a matter of no consequence. 
We tried concentrated vapour, in which alone Dr. Cushny can find any danger. We are quite 
agreed that extreme concentration is dangerous, but this is so because it leads to the rapid 
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iniake of an overdose^ and cot because there is any action on the heart, peonliur to any particahi 
d^ree of concentration. The Hyderabad Commission’s experiments, where ohloroform wa 
injected into the large veins of the neck, show that even pore chloroform in the blood does no 
stop the heart till after it has paralysed the respiration. 

It is abundantly proved that dilated chloroform, provided it is not too dilate, gradoallj 
caoses an accomulation of chloroform in the blood sufficient to produce first narcosis, Ihex 
cessation of the respiration, and finally death. A higher concentration can only bring abon 
the same sequence of events in a shorter time. The higher concentration cannot have an] 
action on the heart peculiar to itself, unlesj=i it be that the more coiicenl rated vapour gives ri« 
to spasm of the bronchioles, or in some other way impedes the oxygenation of the blood, and 
so, pcLce Professor Mac William, affects the heart injuriously. It impossible tlmt the conoen* 
trated vapour can act upon the heart in a mysterious way before it gets into the blood. It ii 
clear also that the harmless dilute vapour must in time accumulate in the blood ; otherwise ii 
could not bring about narcosis and cessation of the respiration. But wo may well enquire why 
w'hen this point is reached, it does not then have the same effect as tlie concontnited vapour 1 
The truth is that the concentrated vajiour interferes with natural respiration and the natura 
oxygenation of the blood ; and in the Hydemluid Commission s report, and in that oi 
Ur. Cushny, it is remarkable that there is an utter want of unifonnity in all exiieriments when 
normal respiration is interfered with, and complete uniformity in all experiments with chloro* 
form inhaled in the natural w^ay. The concentrated vapour of chloroform cannot l)e voluntarilj 
inhaled by man or by animals. When a patient or an animal is forced to inhale CH)noontrate{; 
vapour involuntarily, or if ii is iminpod into the trachea, the danger lies in the fact that wher 
it is desired to stop giving the chloroform it is entirely beyond control, and though tin 
administration l>e discontinued, the discontinnuneo does not actually oommouoo until tlu 
residual amount far down in the lungs has been got rid of. Long before this can bo effected 
either by artificial respiration or in any other way, the patient may be dead. 

Dr. r^isbny and the Hyderabad C’oinmission are in complete accord with regard to the 
practical administration of chloroform, and ha\o the same object in view. That object is tho 
dilution of tho anaesthetic to a point consistent at once with full anaesthesia and with safety 
Dr, Cushny attains this end by moans of an ap|)aratus. The Ilyd<jrabad Commission attains it 
with CK|uaI certainty by giving the chloroform in such a inaiinor as to ensure normal regularity 
of the respiration. Lister has demonstrated that the strength of vapour which can lie naturally 
inhaled on an ojieu cone or on a towel is from two to four jKjr cent. With regular breathing, 
if the mmilier of respirations and tho numlior of cubic feset of air inspired in a minute are 
known, the dose of chloroform inhaled in a given time can lio estimated with almost uniform 
accuracy. But if tho breathing is irregular, the intake of chloroform will lie variable and 
uncertain, and there will bo danger in proportion to tho uncertainty of the dose. Lastly, if the 
vapour is ooucentiuted so as to compel the patient to straggle and bold his breath, the risk of 
overdosing is enormous. Asphyxia ensues and leads to deep gasping inspirations and rapid 
and, may be, irremediable poisoning. It follows from these considerations that the strongest 
vapour of chloroform which can be inhaled with regular natural breathing oonstitotes the safe 
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dilutian thd^aaaasiiheiic, and iihat the most trostwortby as well as the most muYenally manage- 
able guide to safe dilution most be regular respiration. The essential ftctors in chloiofi^ 
administration are diluted chloroform and regular breathing, but whaterer be the degree of 
dilution regular respiration alone ensures a measured dose and alone maintains regularity of the 
heart’s action and of the circulation. The sole raison d^etre of an apparatus is to determine safe 
dilution. But as this is definitely determined by regular respiration, and as regularity of 
the breathing ought to be assured in chloroform inhalation whether an apparatus is employed 
or not, it is evident that an apparatus is superfluous. Theoretically the Hyderabad Commission 
has no objection to any forms of apparatus or inhaler, except that no apparatus can ensure 
regular breathing ; but practically we know that their complicated nature demands some of the 
chloroformist’s attention and may lead to neglect of the all-important respiration. An appara- 
tus is therefore not only superfluous, but introduces an element of danger into the administration. 
To keep the patient’s breathing absolutely regular during the inhalation of chloroform, and to 
sustain the necessary watchfulness for the warnings afforded by the respiration and by the 
reflexes whereby overdosing can be avoided, requires the undivided and unceasing attention of 
the chloroformist. 

I trust I have made it clear that the Hyderabad Commission has no intention of criticis* 
ing Dr, Oushny’s admirable work in anything but the most friendly spirit. We are thoroughly 
satisfied. Dr, Cushny may still think that there is theoretical danger to the heart, but he is 
constrained to admit that it could not occur in practice. Having got so far, wo venture to 
express a confident hope that he will continue his experiments and observations, and that he will 
yet see his way to accepting the whole truth. 


THE HYDERABAD CHLOROFORM COMMISSION. 

LETTER FROM Du. RICKARD W. LLOYD, 

To THE Editors of “ The Lancet ”, 

Sirs, — In his article published in The Lancet of March 14th, Surgeon-Major E. 
Lawrie, President of the Hyderabad Commission, emphasises the importance of the respiration 
and totally ignores the circulation, as a guide in the administration of chloroform. Undoubt- 
edly the respiration is essentially important, but my view, after ten years’ practical experience 
of anesthetics, is that the circulation is also sometimes an important guide to the anesthetist 
during an operation, and often most valuable. No method of administering chloroform will 
ensure the uniform behaviour of all patients daring the induction of chloroform anesthesia. 
The action of chloroform upon a patient is influenced by mental and physical conditions as well 
as by disease. The effects of the chloroform upon the circulatory, nervous, and respiratory 
systems, especially when they are diseased, as well as the loss of blood and the duration and nature 
pf on operation (these being the conditions that have to be met by the practical ansesthetist) 
influence the respiration in such a v&y in some oases as to make it expedient to obtain all the 
information ihat can be gathered of the extent of exhaustion, the profai^e power of endunmoe 
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and ihe ge&enl state of the patient. This knowledge is to be obtained from the raqsinitf 014 
the pulse, the pupil of the eye, the sensibility of the oomea, and the complexion, all of whioh 
may be imder observation at the same time without disoontinuing the chloroform, when it is 
administered in the manner described by me in a paper read before the West London Medioo* 
Chimrpoal Society, and which is fully reported in The Lancet of March 14th. The condi- 
tion of the muscular system, as to relaxation, is also sometimes useful. An ansssthetist who 
relies on all these sources for information will sometimes be able to continue an administration 
of chloroform when, if be relied upon the respiration solely, he would feel bound to discontinue 
it. I have on several occasions had the greatest difficulty in satisfying myself that respiration 
was in progress at all, especially in connection with some operations upon the skull for depressed 
fracture or other condition in whioh the functions of the brain were greatly impaired, and 
have found the pulse most valuable as a guide in such cases, justifying me in supplying suffi- 
cient chloroform to prevent reflex movements of the patient occurring. As long as respiration 
is unimpaired and there is no cyanosis it may not be necessary to go further for information, but 
early in the progress of administration the breathing may be accompanied by stertorous noises 
—not true stertor, — the pupils be dilated or the corneal reflex abolished, and yet the ansDsthesia 
may not be sufficient for operation, and in such circumstances the pulse will be found quick 
perhaps, and not the slow pulse of complete chloroform aniosthesia. When an operation has 
been some time in progress the respiration may still be good while the patient may have the 
appearance of extreme exhaustion, and the pulse will then enable the aniesthetist to judge 
whether it is necessary to hurry or close the operation, or whether stimulants are imperatively 
called for. Shallow respiration is not uncommon and, when the respiration only is relied upon, 
dangerously misleading, often when not appreciated giving rise to sudden and alarming symp- 
toms. In practice each of the guides mentioned is of great service, and without them operar 
tors would often be disturbed, and sometimes unnecessarily prevented from completing their 
operations. The following case throws great light upon the effect of chloroform upon the 
heart and respiration. 

In January, 1891, J. B. , aged fifty-one years, came into the theatre for radical 

cure of hernia, and it was my intention to give him chloroform; but on seeing him os his oppeai^ 
ance presented venous congestion, I gave him ether. After about a quarter of an hour of the 
operation there was so much saliva and mucus excited by the ether iliat it was impossible to 
keep the patient properly under, and I therefore changed to chloroform, which I administered 
with extra care, for the reason already stated, /,e., in addition to simply satisfying myself that 
the respiration was good, I proceeded with the sprinkled lint lying on the separated figures of 
my right hand in front of the mouth, which enables one to feel the force of expiration ; with 
my left middle finger on the left temporal pulse and my left thumb holding up the left upper 
lid of the patient, and testing the comeal reflex when necessary, watching the respiratory 
movements of the abdomen (which was exposed), the complexion of the face, and the pupil of 
the eye. After about half an hour I suddenly missed the temporal pulse, and found it was also 
absent from the wrist, notwithstanding that the respiration continued. After a few momenti 
the pulse returned, and the pharyngeal reflex being present I gave two teaspoonsful of brandy 
in m»a 11 quantities, which were swallowed. Then continuing the cblorofonn, guardedly ai 
# 
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bdbret aifer t^nfy xnnmtes the pulse ceased again, and I asked the nnne to giro an enema 
half an ounce of brandy with water, called the attention of those around to the absmce of pulse 
and the continuance of respiration, which they observed before the respiration ceased, when 
a little artificial respiration so far restored the patient that the operation was continued and 
completed in another twenty minutes. During this latter time a very little chloroform only 
given when the patient had so far recovered as to call out loudly. The patient afterwards 
told me he felt nothing of the operation. This patient’s heart was, so far as could be ascertained, 
practically sound. Here then was an operation taking place under chloroform, during which 
the pulse of the patient undoubtedly failed before the respiration on two occasions, the pulse 
recovering on the first without cessation of respiration, and the respiration failing on the second 
occasion some seconds after the pulse, and while it was still not to be felt. 

I have endeavoured to show in this letter the importance of the pulse as a guide to the 
anaesthetist, under some circumstances, during chloroform administration ; and it is not my 
intention to express an opinion as to which of the two, — the respiration or the circulation, — 
invariably ceases first in death from chloroform, believing, as I do, that it is sometimes one 
and sometimes the other. 


I am, Sirs, yours faithfully, 

RICKARD W. LLOYD. 

Russoll-road, Kensington, W., March 15th, 1891. 


REPORTS TO THE SCIENTIFIC GRANTS COMMITTEE 
OF THE BRITISH MEDICAL ASSOCIATION. 


REPORT ON AN EXPERIMENTAL INVESTIGATION OF THE ACTION 
OF (CHLOROFORM AND ETHER. 

Bead in Ahstracf in ilw Section of Medicim at live Meeting of the British Medical 
Association at Birmingham^ JuJg 1890, 

By JOHN A. MacWILLIAM, m.p., Regius Professor of the Institutes of Medicine 

in the University of Aberdeen. 

[Iteprinted jfro7n “ British Medical Journal of Oct. & Nov. l$t.j 1890.] 


The following research was systematically commenoed in 1888, and has been carried on 
at intervals since then* The experiments have been conducted upon animals of various kinds, 
chiefly upon cats and rabbits. The most important experiments were performed on cats, and 
all the results detailed in this paper are to be taken as being applicable to that animal* 


M 
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PABT I. 

The experimentB may be divided into two claases. The first olaas comprises those 
experiments in which chloroform was given in the ordinary way by inhalation, while the 
respiratory movements and the blood*-pressnre were graphically recorded. This method, in 
addition to leading directly to certain conclusions, gave results which were largely used for 
comparative pTU*poses. 

The second class of experiments comprises those in which a new method of studying the 
condition ef the heart and vascular system was employed. By this method a simultaneous direct 
graphic record of the action of the auricles and the ventricles was obtained, alongside of a tracing 
of the arterial blood-pressure ; precise information as to the state of the different |mrts of the 
heart w’as derived directly from the organ itself. There can l)e no doubt that blood-pressure 
tracings alone are entirely tmsafe guides as to the strength and character of the heart’s action, 
or even of the ventricular beats. The oscillations in a blood-j)res8urt^ tracing caustnl by the 
ventricular beats do not furnish any sure indications of the condition of the ventricular action. 
A weak ventricular boat may cause a very large oscillation in the l)lo(Hl-pressnre trace, and 
rice versd. I have shoTO in a former paper that when the heart recommences beating after a 
period of inhibition (from vagus stimulation), the abnormally extensive oscillations in the 
blood-pressure tracing caused by the recommencing beats are ofum due to systoles that are 
much weaker than normal. The oscillations in a blood-prossuro tnico dej^end upon the amount 
of blood thrown out by the heart into the aorta, and the conditions obtaining in the arterial 
system at the time. Hence it is evident that blood-pressure records camiot bo relied upon as 
giving accurate information as to the state of the cardiac action."^ 

Mode of ohtainihij Direct Graphic Itecords of the Cardiac Action and Blood^prestnire 
Tracings simultaneouslg , — The animal to be experimented upon was completely anaosthetised 
with chloroform in a box, and was then made fast in the usual maimer upon a Oze^mak^s 
holder, a tin of warm water being inteqiosod to maintain the temperature as far as iiossible. 
A canula was inserted into the left carotid artery, and connected witli a Ludwig's kymogmph, 
so as to give a blood-pressure tracing in the ordinary way. Tracheotomy was then performe<l, 
and a canula tied in the trachea, through which artificial res[)inition was maintaiiHMl by means 
of a bellWs worked steadily and regularly (by a small motor) at a known rate and in such a 
way as to supply a uniform amount of air at each stroke. The expirml air escaf>ed through side 
apertures. The rate and extent of the artificial respiratory movements were made to correspond 
as far as practicable to the rate and extent of natural respiration under chloroform. 

The thorax was then laid o|>en, the part of the chest wall over the cardiac region — in- 
cluding the lower part of the sternum — being removed. Ligatures were tied round the ribs 
before they were cut through, in order to prevent haemorrhage. The internal mammary arteries 
were clamped, and when necessary hiemostatics were applied to prevent oozing from bone, 
The pericardial sac was then laid open, and the recording apparatus placed in position. 
The whole proceeding was accomplished with only a very trifling loss of blood. 


* Jounial of Phjtiolofr, YoL 13L, p. 8S8. 
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The reaording apparatas employed to register the heart’s actioa was one which 1 hare 
already described in the Journal of Physiology ^ vol. ix« It is adapted for recording the ihovch 
ments of one anricle and one ventricle simnltaneonsly. Either auricle can be registered ; 
sometimes the one and sometimes the other wasnsed. A thread was attached to the tip of 
the anricnlar appendix, and this thread led to a receiving tambour which communicated with 
a recording tambour ; the latter inscribed its movements on a smoked surface. In order to 
prevent possible displacement of the auricle in the course of the experiment, its dorsal part 
was steadied by fixing in a clamp the parietal pericardium close to the auricular tissue, care 
being taken not to include any of the auricular substance in the clamp. The clamp was held 
firmly in position by means of a brass rod. With such an arrangement each contraction of the 
auricle causes a pull upon the thread and a movement of the lever of the recording tambour. 
Hence the contraction and relaxation of the auricle are expressed by up-and-down movements 
of the recording lever upon the smoked surface. Moreover, distension or dilatation of the 
auricle causes — by slackening the thread — a change in the level of the recording lever ; the 
arrangement of the apparatus is such that the lever rises. On the other band, during collapse 
of the auricle the thread is subjected to increased tension, and the level of the recording lever 
falls. Thus any continued distension or collapse of the auricle will be attended by a correspond*** 
ing displacement of tlie recording lever. 

In order to obtain a ventricular tracing a boat^haped vulcanite trough was first slipped 
underneath the ventricles, so that the latter had a firm bed to rest upon ; the vulcanite trough 
was rigidly held in sitv by a strong iron rod. Then a float attached to a light lover was made 
to rest upon the ventral surface of either ventricle, and this lever was connected with a system 
of tambours in such a way that any movement of the float was communicated to a recording 
tambour, and inscribed on the smoked surface beneath the tracing simultaneously written by 
the action of the auricle. The boats of the ventricle cause up-and-down movements of the float 
resting on its ventral surface, and these movements are recorded on the smoked paper by an 
up-and-down movement of the recording lever. Further, any dilatation of the ventricle causes 
an elevation of the float and a corresponding elevation of the recording lever ; and any collapse 
of the ventricle or diminution of its dorso-ventral diameter is attended by a lowering of the float 
and a corresponding lowering of the reoonling lover. Tims while the recording lever indicates 
the beats of the ventricle by a rapid up-and-down movement (excursion), it also indicates con- 
tinued distension or collapse of the ventricle by a continued elevation or depression of the level 
from which it starts on its rapid up-and-down movement (excursion). Distension of the ventri- 
cle causes an elevation of the general level or base line of the tracing inscribed by the record- 
ing lever on the smoked paper ; collapse of the ventricle is attended by a depression in the 
general level or base line of the tracing. 

It is impossible for me to enter fully into the principles and mechanism of this mode of 
recording the heart’s action ; it is sufficient for my present purpose to state that this method 
has been foimd, by on extended experience of its working in experiments of many different 
kinds, to give accurate indications of changes in the rate and energy of the cardiac action, and 
also of clianges in the state of the heart’s chambers as regards distension or the opposite condi- 
tion. The results obtained with this apparatus have been tested and controlled hy the employ- 



meat of oiihesr modeB of regisixation, for examploy by the use of light levers reetmg on ittb 
auricle and ventricle and inscribing their movements directly (without the intervention of 
tambours) upon the smoked paper. There has been a complete agreement in all important 
points between ihe results obtained by the difPerent methods. 

It may here be remarked that the amount of mechanical interference involved in the 
application of the above method does not cause any serious injury to the state of the heart and 
the vascular system generally. The heart goes on beating with remarkable regularity an^ 
steadiness for many hours ; a high blood-pressure is maintained, and the circulation is carried 
on with great activity. • 

The rate of the movements of artificial respiration is usually indicatt»d in the auricular 
tracings by a slight rhythmical o&cillation in the base lino of the tracing. A time record 
(seconds) is inscribed on the some paper alongside of the other tracings ; and, in addition, an 
electrical signal marked the points of time at which various events (giving of chloroform, &o.) 
occurred. 

Long sheets of smoked paper wore employed, and upon them there was obtained side by 
side, by the method described, a simultaneous record of (1) the arterial blood-pressure, (2) the 
action of the right or left auricle, (fi) the action of tl»e right or left ventricle, (4) the number 
of tlie artificial respiratory movements, (5) a time trace marking seconds, tmd (<») the inscrip- 
tion of an electrical signal indicating the time of occurrence of certain events. 

Mode of Adminiiterhuj the Anfistitetie , — ^Tho bellows employed for artificial respiration 
were connected with the canula in the animars trachea chiefly by India-rubber tubing. In 
the course of this tubing a wide-mouthed bottle >vas interposed, so that the air coming from the 
bellows passed through Uie bottle. The tube leading from the bellows wiis attached to a glass 
tube which passed through the cork and reached down to within one-eighth of an inch of the 
bottom of the bottle. The air entering the bottle through this tube passed out by another tube 
which projected just beyond the surface of the cork iutemally, and was connected outside the 
bottle with a piece of India-rubber tubing leading to the tracheal canula. Between the bottle and 
the tracheal canula were two side tubes through which a very large part of the air sent by the 
bellows through the bottle escaped, so tliat only a small {wirt of the air that jiassed through the 
bottle entered the animars longs. Through these side tubes the air sent out from the lungs 
in expiration also escaped. 

The ansesthetic to \hs administered was mixed with the air us it {Hissed through the bottle. 
This was done by putting the chloroform or ether into a hypodermic Kyriiige, the n<H)dlo of 
which was made to {hiss through the cork ; the anx*stbetic was then, by means of the syringe, 
thrown into the bottle in the amount desired. In the case of chloroform, small quantities were 
used commonly one minim at a time. This amount usually required about twelve (artificial) 
respiratory movements to evaporate it, and, as each movement of the bellows sent fully 4*54 
cubic inches of air dirough the bottle, it is evident that the relative amounts of chloroform and 
air were 1 mfoitn of chloroform in about 54*5 cubic inches of air. Now as 1 minim of ohlo** 
roform, when evaporated, gives only a fraction over 1 cubic inch of vapour, it is clear that die 
•beogthof chloroform vapour in the air was about iperoeni No doabt^ however, the evapo* 
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ration of the aUorofbm was somewhat more rapid in the earlier stages than in the later, when 
niost of the chloroform had volatilised and the surface of fluid exposed to the air was diminish* 
ed ; but, even allowing for this, it is certain that at no time was the amount of chlorafonn 
vapour in the air over 8 per cent., and even when more chloroform was added before the first 
minim had evaporated, the strength was always kept under 4 per cent. 

Different samples of chloroform (obtained from Messrs. Morson and Son, Martindale, and 
others) were used. Each of the samples was carefully tested, and the following results were 
obtained : — 

( 1 ) Appearance and smell characteristic of pure chloroform ; ( 2 ) specific gravity 1*497 ; 
(3) absolutely neutral to litmus paper ; (4) when dropped into distilled water transparent 
globules were formed, with no milky halo of opalescence ; (5) not coloured on agitation with 
sulphuric acid ; ( 6 ) when shaken with distilled water nitrate of silver gives no precipitate ; (7) 
no green colour with chromic acid ; (8) iodine gives a violet colour. 

When other (specific gravity 0*725) was used instead of chloroform the amounts injected 
into the bottle were much larger — 15 to 25 minims at a dose. 

(For the sake of brevity 1 shall refer to the bottle in which the anaesthetics were admin- 
istered as the “ anaesthetic bottle.”) 

PART II. 

Mode of Condaciing ilie E.rperiment . — ^Diiring the whole progress of the experiments the 
animal was kept in an unconscious state, in addition to the necessity of obviating any chance 
of suffering, it was essential for the accurate working of the registering apparatus and the 
success of the ox])oriment that the animal should be motionless ; the slightest movement or 
displacement might seriously interf ere with the precision and regularity of the graphic records. 
And of course the use of other drugs, such as mori)hine or chloral, was contm^-indicated, as they 
would complicate, and might vitiate, the results. The animal was accordingly kept under 
chloroform during the whole of the time, excepting the periods when ether was given instead 
of chloroform. Thus the experiments consisted in the administration of a further amount of 
the ansssthetio to an already unconscious animal, so as to induce a deeper anassthesia. When 
the increase of chloroform was abput to be given, the condition of tlie animal was frequently 
such that it was unconscious and motionless, the heart action and blood-pressure steady and 
regular, the majority of the reflexes abolished ; but unconscious winking of the eyelid on touch- 
ing the conjunctiva was commonly present. A further amount of chloroform (usually 1 minim 
at a time) was then injected into the ana?sthetic bottle, and there it evaporated and mingled 
with the air pumped through the bottle by the bellows. Only a small portion of the air passing 
through the bottle entered the animars lungs ; the greater part escaped through the side tubes. 
Thus only a small portion of the chlorofonn introduced into the bottle reached the pulmonary air- 
cells. Meanwhile the state of the conjunctival reflex was closely watched, and it afforded very 
valuable indications as to the action of the drug. In many oases chloroform was given in sufficient 
amount to cause a complete abolition of the conjunctival reflex 5 but frequently there were 
changes of a marked character both in the state of the heart and the blood-pressure before the 
influence of the chloroform was sufficient to cause a disappearance of the coiyunctival reflex. 
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The chief effiacts chloroform diown by these experiments I shell now proceed to describe. 

« 

Fall of Bhod^pressure . — ^The fall of blood-pressure well known to result from the Wf 
fluence of chloroform was seen in the usual forms^ slight and severe, gradual and rapid. In 
some oases the faU was preceded by a slight temporary rise. 

Diminution in the Force of the Heart Beat . — When the blood-pressure has fallen consider^ 
ably from the influence of chloroform, there is seen a marked diminution in the force of both 
the auricular and the ventricular beats, indicated by a lessened excursion (or up-and-down 
movement) of their recording levers. The height of the curves inscribed on the smoked paper 
by the systole of the auricle and ventricle is markeilly reduced. 

Now such a reduction in the contraction force of the heart is not necessarily duo oxolu<» 
sively to any direct influence of chloroform ui)on the organ. For a marked lowering of the 
blood-pressure from causes not directly affecting the heart, (for example, arterial relaxation) leads 
to a diminution in the force of the cardiac boat. The fall of blood-pressure involves, among other 
conditions, a lessened resistance to the discharge of blood from the ventriolos and a reduction 
of the blood supply to the heart itself through the coronary vessels. In such circumstances the 
cardiac systole becomes diminished in force, as can easily be demonstrated with such a record- 
ing apparatus as the one above described. Hence the weakening of the heart's boat under 
chloroform may be in part attributed simply to the fall of blood-pressure brought about by the 
drug. But though a certain diminution in the force of the cardiac beat may bo explained by 
the associated fall of blood-pressure, such a cause certainly does not account for the marked 
depression of the heart which occurs under chloroform, and becomes expressed by a dilatation 
of the cardiac chambers. 

Dilatation of the //caW.~When chloroform was given in sufticient amount to abolish 
the conjunctival reflex completely, and very often l>efore that point hud been reached, distinct 
dilatation of the heart commonly occurre<l. This changt' invohed l>oth auricles and ventriolos 
right and left. Whether the tracings wore taken from the right auricle and ventricle or from 
the left auricle and ventricle, the results were substantially the same ; more or less pronounced 
dilatation of the whole organ was clearly present. The general level or biiso lino of the tracings 
(auricular and ventricular) became elevated to a greater or less extent, indicating an elevation 
of the portion of the auricular and ventricular walls connected with the recording apparatus. 
This depended upon a continued increased distension or imperfect oini>tying of their cavities, 
causing an increa»e in the dorso-ventral diameter of the various chamlxirs. After a time, unless 
the dose of chloroform had been too great, the phase of dilatation |iass<3d away ; the parts of 
the heart resumed their former size ; the tracings sank Imck to their former level or base line, 
and resumed the characters they had borne before the chloroform had Ixjen given. 

lliese changes were caused over and over again with remarkable constancy in the some 
animal by repeated doses of the anaesthetic. Dilatation and recovery followed one another 
with great regularity, as the chloroform was given again and again. The occurrence of diktiv- 
tion is often remarkable for its suddenness ; its commencement frequently begins to be visible 
in the tradngs within a few seoonds (often under five veoonds) of the injection of chloroform 
into the ansBsthetio bottle. 





oases ilie cardiac dilatation affected the whole organ wiHi tolerable uniformity. 
In other instances the auricles and the ventricles were tineqaally affected, sometimes the auricles 
and sometimes the ventricles being more readily influenced. Occasionally the left auricle 
became very prominently distended. The distension of the auricles may, in some cases, be in 
part a secondary change. Their dilatation may be brought about or contributed to by a pre- 
oeding distension of the ventricles, whereby the auricles are rendered unable to discharge their 
contents in a normal manner, and so become distended. But in all probability the auricular 
dilatation is partly a primary change caused by the direct influence of chloroform, and not 
simply by the obstacle to their emptying themselves offered by the presence of an already 
existing ventricular distension. The fact that the auricles sometimes become affected much 
more readily and extensively than the ventricles supports this conclusion. 

The cardiac dilatation that occurs from the influence of chloroform is independent 
of any distinct change in the rate of the heart’s action. There is no slowing, or indeed any 
characteristic alteration of rhythm. The rate of action commonly remains unimpaired, even 
when all the chambers of the organ have become greatly distended. When the dilatation has 
become extreme the heart fails in its function at the central organ of circulation. Though 
it continues to contract rhythmically, its action is feeble and entirely ineffective, and its cavities 
remain gorged with blood. In this condition evidence of rhythmic movement may still l)e 
obtained in the intact animal by passing a needle through the chest wall into the heart (as was 
done in many of the experiments of the Second Hyderabad Chloroform Commission). 

Relation between Dilatation of ilw Heart and the Fall of Blood^pressure, — The occurrence 
of cardiac dilatation from chloroform is usually associated with a marked fall of blood-pressure. 
Now, a fall of blood-pressure involves various changes, nutritive and mechanical, in the heart ; 
as already mentioned, there is a diminished resistance to the ventricular systole and a lessened 
blood supply through the coronary arteries. But it can be clearly shown that the cardiac 
dilatation above described is not due to the occurrence of a fall of blood-pressure and the 
changed conditions of heart action dependent on that fall. 

The amount of dilatation is not always proportionate to, and does not always run parallel 
with, the fall of blood-pressure. Sometimes there is a marked lowering of the blood-pressure 
with little or no cardiac dilatation ; while, on the other hand, dilatation not infrequently begins 
before the fall of blood-pressure has commenced, and, indeed, even during the temporary rise 
of pressure which sometimes precedes a marked fell. Again, at other times dilatation occurs 
in marked degree when the fell of pressure is being recovered from, when the pressure has 
risen to some extent, and is still rising. 

Further, cardiac dilatation may, though rarely, be induced in a pronounced degree by 
the influence of chloroform without any appreciable change in the blood-pressure. 

Causation of the Cardiac Dilatation, — ^Many years ago it was shown that chloroform in 
considerable strength is able in certain ciroumstanoes to cause contraction of small arteries ; 
this would lead to an increased resistance to the outflow of blood from the large vessels. 
Hence, the possible influence of chloroform upon the pulmonary vessels has to be oooffldered 



m 


in relation to the genesis of oardiao dilatation. It is oonoeiTable tiiai a marked oonstiietion of 
the pnlmonary arterioles and an increased resistance in the long might, by greatly raising the 
pressure in the pnlmonary artery, embarrass the action of the right yentricle, and lead to its 
becoming distended, — a change that would be foUowed, seoondariiy, by a distension of the right 
auricle. But in such a condition the left side of the heart would not be dilated, but rather 
collapsed. Now, we have seen that the whole organ becomes dilated — ^the left side as well as 
the right — and consequently the above hypothesis of increased pulmonary resistance— even if 
there was any proof of its occurrence — is entirely inadequate. 

It is clear, from what has been stated, that the occurrence of dilatation is not dependent 
on changes in the sjrstemic blood-pressure (though usually associated with such changes), nor 
yet upon changes in the pulmonary circuit ; it is due to some influence exorcised by chloroform, 
either directly on the heart itself or indirectly through the oardio-inhibitory centre in the 
medulla oblongata and the vagus nerves. The influence of the oardio-inhibitory centre can 
readily be excluded by section of the vagi. I have frequently cut those nerves, and then repeated 
the administration of chloroform, with the result that the heart became dilated us before. 
Moreover, the same happens after the injection of atropine in suflioient amount to [xiralyso the 
inhibitory function of the vagus, ilenco it is evident that the dilating influence of chloroform 
is exerted, not through the vagus nerves, but directly on the heart itself. Chloroform acts 
upon the heart ; it causes a marked depression of the cardiac muscle involving a reduction of 
its tone relaxation of the canliac walls, and im impairment of their functional efficiency. 

Periodic Depression of the Ventricular Activity after Chloro/ornu^^ln some animals 
a peculiar result w'lis observed some time after a dose of chloroform had boon given. The 
sequence of events, as shown by the graphic records, is ns follows : A dose of chloroform (1 to 2 
minims) was injechMl into the bottle, and led to a more or loss marked fall of the blood-pressure 
and a certain amount of cardiac dilatation. These results gnwlually passed away, the blood- 
pressure rose, and the heart resumed its ordinary condition. But, while the blood-pressure was 
rising and the cardiac condition improving, or even after the blood-pressure and the heart 
had recovered, there sometimes suddenly developed a remarkable change in the ventricular 
action. The force of the beats became greatly diminished, the ventricles were imperfectly 
emptied, and they became more or loss markedly distond(^<l with bl(K)d. The curves inscribed 
by the ventricular beats upon the smoked surface were much reduciHl in height, and the base 
line or general level of the tracing was markedly elevated for a time. This condition was 
soon more or less completely recovered from ; but it sometimes recurred again and again in a 
very remarkable fashion. In some instances this curious jMjriodic effect on the ventricles was 
seen to follow the administration of very small doses of chloroform, which had only a comparar 
tively slight primary effect on the blood-pressure and the heart. The auricular action is not 
affected proportionally to the ventricular change, — indeed, it usually shows only a very slight 
and gradual reduction. 

Such a periodic depression of the ventricles had, in my experiment!, always been 
preceded by a dose of chloroform. It is probably due to a direct influence exercised on 
the heart ; it does not seem to be affected by section of the vagi. 1 have never seen any depree- 
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,8ion of thu soil 88 a resnlt of the administration of ether. Indeed, in more one 

instance when the periodic depression was strongly marked and kept recnrring again and again, 
a dose of ether was speedily followed by a complete disappearance of the phenomenon in ques- 
tion. The heart’s action improved in a remarkable way ; it became strong, steady and regular. 

It may be noted that the occurrence of this great depression of the cardiac action in cats 
some time after the administration of chloroform, and after partial recovery from its effects, 
has a curious parallel in the records of some cases in the human subject. 

Effect of Ethr compared with those of Chloroform , — The results obtained with ether 
have been strikingly different from those following the use of chloroform The ether was 
administered in the same way as chloroform — ^by injection into the anajsthetic bottle— but 
larger quantities were used (for example, 25 minims at a time), and the dose was 
less gradually given. Instead of being gradually introduced drop by drop into the 
bottle, it was very often thrown quickly in from the syringe. The condition of the con- 
junctival reflex was closely watched. Often the dose was given at a time when unconscious 
winking on touching the conjuctiva was distinctly marked. Then a sufficiency of ether was 
given to cause a complete abolition of the reflex. The blood-pressure unusually fell to some 
extent, but the cardiac condition was very different from that seen under chloroform. Instead 
of becoming markedly dilated as with chloroform, the heart showed, as a rule, no dilatation ; 
or there was very slight and transient dilatation lasting only a few seconds, attaining no 
serious proportions, and speedily passing away. The occurrence of oven a brief and 
fleeting phase of slight dilatation was chiefly associated with those experiments where 
ether was given in largo amount with great suddenness. In very many instances 
there was not the slightest indication of cardiac dilatations. On the contrary, a change in 
the opposite direction was on sevenil occasions observed — a rapid recovery from the attacks 
of periodic ventricular depression that have been described as sometimes following doses of 
chloroform. The difference between chloroform and ether in their relation to cardiac dilatation 
is strikingly illustrated in the tracings obtained in the way I have already described. Again 
and again in the course of a prolonged experiment the conjunctival reflex was abolished by 
the use of ether without any special effect upon the heart, whereas in the sjime animal chloro- 
form, administered in the same w^ay brought about a marked dilatation of the cardiac chambers — 
when given gradually, mixed with abundance of air, in an amount suflicient to abolish the con- 
junctival reflex, and indeed often before that point had been reached. In some experiments 
the ancesthetics were alternately given, and the characteristic results of the two were alternately 
manifested with great constancy and precision. Chloroform (always under 4 per cent, of 
chloroform vapour in the air) was given, loading to partial or complete loss of the conjunctival 
reflex and pronounced dilatation of the heart. When these effects had passed away and the 
original condition had been restored, etlior was given in such an amount as to abolish the con- 
junctival reflex ; this was usually attended by no cardiac dilatation. WTien the effects of 
other had disappeared, chloroform was given with the same results as before ; then ether again 
with its characteristic difference of effect, and so on. 

When ether is given with the result of causing a fall of blood-pressure, there is at 
(he same time a reduction in the force of the heart’s beat. This reduction appears, as a rul^ 
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to be simply a result of the fall of Uood-presstiieaxid not dne to any lipeoial effect of ether on the 
heart itself. It has been already stated that a fall of arterial pressnie due to a diminutioii in 
the peripheral resistance, for example, to relaxation of the small arteries, is attended by a 
reduction in the energy of the cardiac beat ; the heart’s force becomes diminished from a cause 
not directly affecting the heart itself* But, unless the fall of pressure is extreme in its amount 
and prolonged in its duration — as in fatal luemorrhage, l&c., — the weakening of the cardiac 
systole is never so great as to render the organ functionally inefficient ; the heart is always able 
to expel its content as before and no dilatation oocui^* 

This is the rule with regard to an ordinary temporarj* lowering of the blood-pressure— 
from relaxations of the small arteries — and it seems to bo applicable to what occurs in the heart 
under the influence of other. The vaso motor centre in the medulla is depresnod \)y the ether ; 
there is thus brought about a certain degree of arterial relaxation, imd the blood-pressure falls. 
This lowering of the pressure leads to a re<luction in the force of the heart's boat. When ether 
does not reduce the pressure appreciably, it does not cause any weakening of the cardiac 
systole, or only the very slight and fleeting effect before mentioned ; on tlu^ other hand, when 
ether lowers the pressure markedly, it leads to a marked lessening of the canliac5 systole — in 
all probability as an. indirect result, the lunirt Wing secondarily influenced through the fall of 
blood-pressure. There is no evidence that the mrdiac weakening is mom extensive than is 
warranted by the fall of pressun^ ; if the reduction of the heart's force was disproportionate to 
the lowering of pressure the organ would become dilated — which it dm^s not. In the case of 
chloroform, on the other hand, there is clear evidence that th(» heart is directly affected others 
wise than merely in a secondary way through th(^ fall of blood-pressure, that the enftwblemont 
of the cardiac walls is disproportionate to the fall of {)r(»ssure, and that dilatation is induced in 
a very pronounced fashion by a special etfect of chloroform on the organ itself. 

It is evident that those results are sulnersive of the vh*w expressed hy Claude Bernard* 
regarding the action of chlorof(»nn and ether, — a view n»cently endorstMl by tlic^ Hydemliad 
Commission. Bernard said : “ As to ether and chloroform, their action is almost the same from 
a physiological point of view, excepting that there is a difl’erence of intensity in favour of 
chloroform which will lead us genenilly to empb»y the latter snhstaiu^e in prefenmee to ether.” 
But the results obtained in the pn‘sent revnirch proye that the ditlerenee Iw^tween the 
action of chloroform and ether is not simply a dift’enmee of intensity. There is eommonly seen 
a very striking and important difterence ls*twecn the rolttti\e influenc(* ot the two anu*stheti(!s 
U[)on certain functions. Ether can aWlish the ^‘onjunetival reflex and induce proloimd anics- 
thesia with no appreciable direct effect on the heart ; while chlorotonn, in causing a deep 
anaesthesia— in which the conjunctival reflex is not abolished— may directly cause marked 
dilatation of the whole heart. 

Melatire susceptilulity of tfw vaso motor Centre and Uuf Heart to (he depreeeing Irfluence 
of Chloroform. — ^The fall of blood-pressure caused by chloroform is due primarily to the depre^- 
ring influence of the drug on the vaso motor centre, leading to arterial relaxation. Bometimea 
the fidl is preceded by a brief and transient rise ; this is de^^endent on n brief stimulation of 

* Ia^om $ur Us Amsiqws ti sur CJjfp^xU p* 10i« 
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the mo4ioter centre prior to the depression of its activity. It has already been stated that 
when chloroform is given in such an amonnt as to oanse a marked fall of pressnre, there emu* 
monly occurs at the same time a more or less marked dilatation of the heart. In the healthy 
animal the latter change does not, in the earlier stages of a fall of blood-pressure, appear to play 
nearly so important a part in lowering the pressure as does the depression of the vaso motor 
^centre induced by the influence of the chloroform. The pressure is, as a rule, much more 
readily lowered by the action of chloroform on the vaso motor centre than by its action on the 
heart. But in the latter stages of a great fall of blood-pressure, when the ansesthetic is given 
so as to produce a profound effect, the cardiac dilatation becomes a factor of prime importance, 
and it becomes impossible to raise the pressure by any means affecting the arterial system alone ; 
the pressure can only bo raised by restoring, in some measure, the pumping power of the heart, 
or by the supplying of some mechanical substitute for this power, for example, by rhythmic 
compression of the ventricles with the hand. 

The relative susceptibility of the vaso motor centre and the heart to the influence of 
chloroform appears to vary consideraljly. Commonly the vaso motor centre becomes markedly 
depressed before cardiac dilatation is evidenced in any considerable degree. In some instances, 
however, the cardiac dilataiion begins early, before the vaso motor centre has suffered any 
depression and oven while it is stimulaled, as sometimes occurs as a primary result of the action 
of chloroform upon this centre. 

Possibly a good deal depends on the state of the heart at the time. If the heart is 
strong and possesses a considerable reserve of power over and above what is necessary to expel 
its contents in ordinary (iircumstancos, it can readily bo conceived that a considerable amount of 
chloroform might be taken without causing any evidence of failure, the reserve of power 
making up for the depressing influence of the chloroform ; meanwhile, the vaso motor centre 
being acted upon by the chloroform, the blood-j)ressuro would fall. On the other hand, if 
the heart is, to begin witli, just able to perform its function, it is intelligible that a comparatively 
slight depressing infliuuice ex(u*ted on it by chluroform would soon cause it to exhibit signs of 
dilatation. Many nervously weak lunirts jiossibly come into this category. 

Some Effects of the Falls of Blood^/tnssare , — The fall of blood-pressure is, in a certain 
sense, protective ; it retards the continued access of the aneostbetic to the vital organs. I have 
frecpiently been struck with th(» great resistance shown to the influence of both chloroform 
and other in animals where a very low pressure was present from arterial relaxation, due to 
causes other than anivsthetics, for example, voso motor jiaralysis. In such conditions large 
doses of chloroform and ether can be gi\(‘n — mixed \\ith the air entering the liuigs — with little 
or no eflect on the heart and blood-pn'ssure. (>n the other hand, the full of blood-pressure 
may become excessive and pro\(' a source of gretit tlanger. Fatal failure of some of the xital 
organs may be determined by the deflective blood supply attendant on an insufiicient pressure, 
and this in all probability more readily in certain morbid conditions than in the healthy animal. 

Modes of counteract iag tite Fall of Blood-pressure in the Carotid Artery caused by 
Chloroform , — When a great fall of blood-pressure has been caused by the inhalation of chlo- 
roform in the ordinary way, inversion of the animal has been found to exert a slight effect in 
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ndgmg tibe pressure. But by far the most powerful means of infhienciiig the carotid preseure 
under chloroform is by applying continuous firm pressure over the intact abdomen or to the 
abdominal aorta directly. In this way, unless the heart has been directly paralysed by chloio-* 
form, a well-marked rise of blood-pressure can be brought about in the carotid and other arteries 
of the upper port of the body (head, neck and chest), and the circulation in that part is 
greatly improved in rate and volume. This method of causmg a rise of pressure under chloro- 
form has been very frequently tested in the course of my e.\pt>rinienw, and is strikingly illmh 
trated in the tracing? I ha\o taken. E^en ^^hen chloroform has Ix^en given in an amount 
sufficient to cause stopjmge of the re>pinition and a formidable fall of blood-pressure, the 
immediate application of firm prensure over the abdomen or compression of the abdominal aorta 
has, as a rule, caused a rise of i>re‘^^ure. At the moment of respiratory failure, the lumrt, 
though dilated, is, as a rule, capable of acting with some effect, but it soon becomes fatally 
incapacitated in conse(pienoe of the influence exerteil upon the ulreaily-tlepressed cardiac me- 
chani'^m by re«ipiratory and \ascular failure : the interference with the nutrition of the heart 
substance resulting from arnM of the breathing, or dependent on an e\tHNHi\e and eoutinuiHl 
fall of the h]ood-pre*^sure, e^en apart fn)m sttqqiage of tlm respiration, mU'^t necessarily 
exert a rapidly destriictiAi^ influence on tlie acfi\it\ of an tdreatly emharnissed and depressed 
organ. At the time the respiration stops, the heart is usually (tliougli not alwuys) able to not 
in a way sufficient to maintain a certain amount ot bloo<l-preHsure, <»omj>atil)Ie with the con- 
tinuance of lile, proxidinl the >aHo motor s\st«‘m is not paralysed. The heart then being, in the 
majority of cases, still able to exercist^ its function to some purpose, it is easy to uudorstand 
that a great increase in tlu' jK'riphenil n^sistunce shouhl be atteiahni by a ris(» in the arterial 
pressure, the amount of tlu' rise \ar\ing largely according to tln^ jK)\ver still posH(iHS<Ml l)y the 
heart. The application ot firm pressure o\er the intact alHlonien causes, in addition to an in- 
cn»ase in the periplieraJ r<‘sisfan(M' of the arterial sy stem, the projudsion of a considomhle amoimt 
of blood from the %<*ss<ds ol the aMoininal ca\ity through tlu* ^t*na ca\a inferior into the heart. 
Compression of th^' aorta b\ it sell cuum's h great ris<' ot pressure ; this shows that a largo in- 
crease of the jK*riplieral resistance, e>en apart from tlie forcijig of more blood into the right side 
of the heart, is sufficient to cause an extonsi>e rise of pn'ssure. 

PART HI. 

Relation of tin R^mlta desenUd alcove to ichat orrurs dnriny the Inhalation of (Idoroform 
in tlm Intact Animal , — How tar an* the>c results applical>lc to the intact animal inhaling 
cliloroform in the ordinary w’ay ? It of cour«'C, ob\ious that in certain res|K*cts the conditions 
of exj)erimeutation abo\e described are widely dittcn*nt from what obtain whc*u an nninjiired 
animal takes in ehloroloriii by its natural respiratory mo\emc!its in the ordinary w'ay. In 
those experimentij the thorax was laid ojhui, rendc*ring hpontanf‘ous bns'ithing imj^ossible, and 
artificial respiration by pumping air into the* lung- was suli-titnted. With urtifieiul respira- 
tion of this kind, although the amount of air and the* percentage of ehloroibrm ent<*ring the 
pulmonary air cell** may Ik* the same as in naturui breathing, «till there is a certain difference 
to be considered, namely, that when air is pumiKsl into the lungs the pressure within the lungs 
is a positive pressure during the phase eorres]K>uding to inspiration (that is, when the longs are 
inflated with air) ; whereas, daring the inspiration of air in natural breathing the pressure 
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wiibin me limgs is negative. (It is not probable that this diflPerence is of importaaoey for 
there is much evidence obtained by different workers which tends to show that the effects of 
chloroform depend upon the amount of its reaching certain parts in a given timoy the exact 
mode of its introduction not making any essential difference. But direct proof on this point 
will be adduced presently.) Further, in the experiments above described, the pericardial sac 
Svas laid open, the heart was exposed, and recording apparatus was brought into connection 
with it. 


How far such abnormal conditions may invalidate the results obtained, as far as their 
application to the ordinary inhalation of chloroform is concerned, has now to be considered. 
I hold that they do not materially interfere with the applicability of the conclusions arrived at. 
It seems to me that there is conclusive evidence showing that the action of chloroform, in the 
respects above detailed, is essentially similar in the conditions under which my experiments 
have been conducted, and during ordinary inhalation in the intact animal. I shall now proceed 
to state briefly some proofs of this conclusion. 


1, With regard to the possible influence of the presence of recording apparatus upon 
the cardiac action, it is important to notice that the more considerable changes in the state of 
the heart can bo verified by direct inspection of the exposed heart without the use of apparatus, 
though, of course, such a mode of examination is insufficient to detect the finer changes that go 
on. The broad fact ol the occurrence of cardiac dilatation I ha\e often verified by simple 
inspection of the heart without the use of any recording apjiaratus. Hence it is plain that this 
change is not depend<*ni on any interlerenee organ from the apj dication of the recording 
apparatus ; and, indeed, fh(*re can be no doubt that when the recording apparatus is used the 
action of tlie heart can hardly b<^ disturbed in any serious degree, for it continues to work 
during long jieriods with very reinarlviiblo regularity and efficiency. Moreover, for compara- 
tive purposes (for example, the relati^ e effects of chloroform and ether) the influence of the 
apparatus cannot interfere, as it is constant. 

2. In regard to the opening of the pericardial sac, I ‘'hall only remark here that I have 
been able to observe distinct changes in the heart, of the nature already described, even through 
the intact pericardium. 

8. With reference to the altered respiratory conditions present when the results 
described in Tart II. were obtained, I ha^e made a number ot experiments to compjire 
in the same animal the influence of a certain amount of chloroform (a) during the ordi- 
nary inhalation ol chlorolorm in the intact nnmiul, and (/>) 'when air containing chloroform 
was artificially pumjx^d into the lungb. The method adopUnl was the following A cat, 
ansesthetised wdth chlorofonn, was fastened on a CzermakV support, and the left carotid artery 
was connected with a kymograph, so as to give a blood-pressure tracing in the ordinary way. 
The animal was then made to breathe through the anaesthetic bottle, inspiring the air by its 
spontaneous respiratory movements. This was done by connecting the bottle (a) writh an air- 
tight bag tied over the animal’s mouth or nose, or (l») with a canula inserted into the trachea. 
The connection between the ansssthetic bottle and the bellows used for artificial respiration was 
removed^ With this arrangement the animal in breathing inspired atmospheric air through 
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tli6 aiiMUietio boide, through the sumo channel tmTersed by the air pasatng into the lunga 
when artificial respiration was used. Chloroform could readily be added (by means of the 
hypodermic syringe) to the air as it passed through the bottle t and thus definite doses of the 
anfisthetic could be administered to the animal^ inhaled by its own spontaneous respiratory 
movements. The efieots of accurately measured amounts of chloroform (given in this way) 
upon the blood-pressure, the conjunctival reflex, and the general condition of the animal were 
carefully recorded. Then, after an interval, when the effects bad been recovered from, artificial 
respiration was substituted for the spontaneous breathing, the other conditions of the experi- 
ment remaining unchanged ; air was pumped through the anmsthetio bottle into the lungs, 
instead of being inspired in the ordinary way ; an equal dose of chloroform was administered 
and its effect watched. The influence of the ansssthetic was found to be remarkably similar to 
what was seen during spontaneous inhalation, provided the rate and depth of the artificial 
respiratory movements were made to corresi)ond with the rate and depth of the spontaneous 
respirations. Two or three minims of chloroform induced similar effeciH, as evidenced by the 
blood-pressure, the conjunctival reflex, and the general condition, whotlier the chloroform vapour 
was taken in by the spontaneous breathing of the animal or was artificially pumped into the lungs# 
Hence it may be concluded that the intake of chloroform is substantially the same whether it 
is given by spontaneous inhalation (in which C4ise the pressure within the lungs during the 
inspiratory movement is negative), or by artificial respiration, when the pressure within the 
lungs during the phase corresi)onding inspiration is ])ositivo. The abnormal conditions 
of artificial respiration do not apparently make any essential difference in regard to the effects 
of chloroform, provided the number and depth of the respiratory movements are the same, and 
the percentage of chloroform in the air taken into the lungs is identical in the two cases. 

4. The nature and extent of the fall of blood-pressure caused by chloroform is, as a rule, 
an excellent guide to the degree in which the influence of the drug has l)een exerted upon the 
general condition of the animal. When the fall is sudden and extensive it gives ground for 
apprehension that an overdose has l)eon administered ; on the other luind, when the fall is 
gradual and moderate we may safely assume that the amount of cliloroform in the circulation 
is not too great, Now, applying this test to the expt»rimonts described in Part II., wo find that 
dilatation of the heart is present when the fall of pressure is no greater or more sudden than 
often occurs— without arrest of the respiration or other serious result— wlien an animal (with 
intact thorax) inhales chloroform in the ordinary way. For example, m an a nim al taking 
chloroform by natural respiration the blood-pressure— os shown by a kymograph connected 
with the left carotid artery — was reduced by chloroform from 160 millimetres to bO millimetree 
and again from 160 millimetres to 94 millimetres, without stopping the respiration. In the same 
aniiiiftl after the thorax had been opened and the cardiac recording apparatus applied, a much 
slighter reduction of pressure by chloroform— from 112 millimetres to 94 millimetres— was 
accompanied by pronounced dilatation of the heart. Moreover, in one instance, chlorofomi 
caused distinct dilatation while the pressure remained tolerably steady at about 106 rniilimtoeiu 
Bndi results show clearly that dilatation may occur at a time when the amotmt of 

chlorofonii in the cironlation is not excessive— when there is reason to believe that the aiUBs- 
tbeiic is present in no larger amoont than during oidiiiary inhalation* 
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5. Eridence of great importance in regard to the question under consideration is 
afbrded by the state of the conjunctival reflex.* We have seen that pronounced changes may 
occur in the heart before the conjunctival reflex is completely abolished* This shows plainly 
that the amount of chloroform in the circulation was not excessive, else the reflex would not 
have been present. We know that the conjunctival reflex is, as a rule, abolished long before 
^here is any danger of respiratory paralysis. The presence of the conjunctival reflex during 
cardiac dilatation makes it plain that a comparatively small amount of chloroform— less, indeed, 
than is commonly used for deep anaesthesia — can affect the condition of the heart in a notable 
degree. There could hardly be a stronger proof. The abnormal condition of the experiment can 
scarcely interfere with the abolition of the conjunctival reflex at least not more than operative 
procedure of various sorts. Further, it is clear that, as a comparative test of the action of 
chloroform and ether, the presence of the conjunctival reflex is of prime importance. Any in- 
fluence exerted by abnormal conditions of experiment is present equally in both cases ; hence 
they cannot interfere with the fair comparison of the two anajsthetics. 

6. Another form of experiment may be brought to bear upon the question under 
consideration. A cat is deeply chloroformed by natural inhalation in the ordinary way, by 
holding a cloth with a smfill quantity of chloroform near the animal’s mouth and nose. Deep 
anaesthesia is brought about, the conjunctival reflex being completely abolished, while the respi- 
ration goes on regularly. Then the ^hest is rapidly opened and the heart examined. In some 
cases I have caused artificial respiration — ^by means of a canula thrust into the trachea — ^to be 
performed as soon as I began to open the chest, in order to avoid any chance of error from an 
asphyxial condition being developed during the short period elapsing between (a) the cessation 
of the natural respiration (on account of the thoracic wall being cut through), and (//) the 
moment at which the shii(^ of the heart became visible. By this mode of experiment I have 
seen distinct evidence of cardiac dilatation caused by the inlialation of cliloroform in the usual 
way, even though when it had not been carried to such an extent as to paralyse the respiration, 
and when there were no abnormal conditions to be considered. 

7. The evidence obtained from an inquiry into the mode in which chloroform proves 
dangerous gives information of great imj)ortanee. Undoubtedly, in the groat majority of cases 
of chloroform eollajistj, the res[)iration stoj)S before the heart action has become entirely 
ineffective. Indeed, in healthy animals, at the time the respiration stops and for a variable 
period afterwards, the heart, though dilated, is, as a rule, quite able to play its part in main- 
taining a blood-pressure which, though low, is compatible with the continuance of life. 
This is, I believe, by far the most common condition in healthy animals. The heart is directly 
acted upon by chloroform, witli the result of inducing a more or less extensive dilatation of 
its chambers ; but this depression does not, in the majority of cases, assume lethal propor- 
tions until the rosj)iration has been arrested. The cardiac change is usually not sufficient by 
itself jx) induce a fatal result ; when death occurs, the depression of the heart is commonly 
associated with vaso motor and respiratory failure. But since the heart is directly acted on by 
chloroform, and that to a variable extent, it would not be surprising if, in some cases at 

* The ooajauctlval reflex is, in cats, an exoeUent guide to the general conditions of the animal, tboagh, ai m tha 
human subject, there are oocasiouaUy slight variations in the time at whl^ it becomes abolished. 
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leasiH-eren in bealtiij animabH-ibe oardiao change should be present in a preponderating 
degree, and should prove the determining fSactor in bringing about a dangerous collapse ; in 
other words, that death should sometimes bo mainly due to cardiac failure, preceding the 
cessation of respiration. Such I have actually found to be the case in at least three instanceSi 
in a total of about seventy animals, where the decisive cause of collapse was the state of the 
heart. 1 shall briefly state the main facts of these three cases, in which chloroform collapse 
was clearly due to cardiac failure, and where the natural respiratory efforts continued to be 
manifested for prolonged periods after all signs of heart action had disappeared. 

Case I.— A cat was rendered unconscious by being put into a box with some cldoro- 
form. It was then taken out and more of the ansesthetio was administered in the ordinary 
way — by chloroform on a cloth held near the animars month and nose. The animal had not 
been injured in any way, and had not been fastened down, when suddenly collapse occurred. 
The heart been ceased to bo felt and the pupils dilated widely, while the natural respiration 
went on regularly, though it soon bec^ame somewhat slowed and slightly spasmodic in character. 
Air entered freely at each inspiratory movement. Artificial respiration— hy rhythmically 
compressing the chest — was immediahdy begun, while pressure was applied to the abdomen. 
The animal’s spontaneons respiratory movements continued to go on regularly, while artificial 
respiration was also carried on. After this state of things had lasted for five minutes a canula 
was put into the trachea (compression of the chest being meanwhile continued anti the sponta- 
neous respiratory movements still going on), then compn'ssion of the chest mxH discontinuod, 
and air was pumped into the chest from the bellows used for artificial respiration, Tho 
spontaneous motions of breathing soon ceased, and a very few minutes later (h»n minutes after 
collapse had occurred) tho thorax w’as opened and the heart \newed through tho intact 
pericardium. Tlie whole organ was seen to he greatly disUmiled, wdiile rhythmical move- 
ment of an exceedingly fechle and entindy im'ffectivo character was still seen. The nito of 
the futile contractions w’as quick. The ventricles ^vere rhythmically compressed between the 
thumb and forefinger at about tlu' ordinary nite of the heart In^at, and, ufU*r a period of 
fibrillar contraction, the organ recovered its usual mode of action, thc^ puLs(» wto restored, 
spontaneous respiratory eflforts w'cro again munifest<*d whenever (he artificial respiration waa 
intermitted, and the w’hole con<lition of the animal continued to be most satisfactory through- 
out the course of a prolonged exi»eriment. 

Case II. — A cat, after being ancosthetised with chloroform in a box, was fastened on a 
Czermak’s support ; a canula w as tied in tho trachea, and the loft carotid artery was exposed. 
When the animal was breathing sjiontancously through the tracheal tube a little more 
chloroform was given. The pulse quickly disappeared from tho exi)Osed carotid, and the 
artery became small and collapsed. The respirations did not stop at all, but continued 
writhont interruption ; they soon assumed a slower and deeper tyjKj, and then went on steadily 
in the same fashion. Pressure on the abdomen, immediately ap[iiied, bad no effect on the 
condition of the carotid artery : it remained collapsed as l>efore. Artificial respiration, by 
rbjrthmical compression of the chest, was immediaUdy begun and kept up for ten minutes, 
during which time the spontaneous respiratory movements went on as before. Artificial 
respiration, by blowing air into the lungs, was then commenced : the thorax was opened, and 
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ito heirt Hm oi^gan WImi foniid to be greatiy dflaM in eH ite parity iASk 

eoAromely feeble rhyilunic eontrootions were still present^ utterly incapable lef disobarging tibe 
contonto of the cardiac chambers, Bhythmic compression of the yentrioles was then emplc^ 
edy and kepi up for nearly twenty-five minutes^ at the end of which the regular action of iibB 
heart was restored— ^more than thirty'-five minutes after the coUapee had oconrredk The 
ordinary blood-pressure was soon regained, the respiratory centre speedily showed signs of 
activity, the conjunctival reflex was restored, and the condition of the animal kept up through 
the whole duration of a long experiment as if no collapse had oconrred. 

Casb III,— Corresponded in all its details so closely with the history of Case II., that 
it is unnecessary to relate the sequenoe of events in detail. The spontaneous respiration 
continued for ten minutes after the exposed carotid artery had become collapsed and 
pulseless, Beoovery was brought about in the same way as in Case II, 

The phenomena presented by all these cases were most closely observed, and recorded 
immediately afterwards. The features of the collapse showed a remarkable resemblance to 
what has often been described as occurring under the influence of chloroform in man. Care 
was taken to leave no room for doubt as to the nature of the spontaneous respiratory move- 
ments which went on so long (ten minutes) after the circulatory failure. They were no 
deceptive movements of the chest without proper entrance of air ; each respiratory effort 
was attended by a free passage of air into the thorax. The reason why the spontaneous 
breathing movements continued long even after vigorous artificial respiration was instituted 
was, in all probability, that though abundance of air was supplied to the lungs by artificial 
respiration, the collapsed state of the circulation prevented the due conveyance of oxygen 
from the lungs to the respiratory centre in the medulla oblongata ; hence that centre went on 
sending out impulses to the respiratory muscles. 

It is evident the collapse was not dependent upon vaso motor paralysis ; firm pressure 
immediately applied to the abdomen produced no beneficial result, as it would have done bad 
the heart not been rendered functionally incapable by the influence of that chloroform. 

It is extremely probable that a condition of cardiac failure occurred in some of the ex- 
periments of the Second Hyderabad Chloroform Commission. In their Beport* (Section 25) 
they state that it is never in any case certain that artificial respiration will restore the natural 
respiration and blood-pressure, no matter how soon it is commenced after the respiration stops. 
And they found that in some cases, even after the spontaneous respiration had been restored, 
the pressure continued to foil and respiration again ceased ; artificial respiration then failed. 
Such results were in all probability due to the heart being greatly dilated and unable to perform 
its funotions. 

Oteaihml Oeewmnce of slowing of the Hearths Action under Chloroform . — A temporary 
but marked slowing of the cardiac rhythm under chloroform I have seen in various intanoes. 
Snob a change was first illustrated, as an effect of ddoroform, by the tracings of the Chloro- 
form Committee of the British Medical Association (Glasgow Committee) in 1879, As far as 


* XofiMe, Jannary IStb, 1890. 
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ito evidenoid «£ford^ by my eq^rimenis goes» the dowiiig of ii» hmt MWita to bo mort 
oommonly doe to asphyziol oonditioiis ; tbe Seoond Hyderabad Oommiesioii has orgod toot iito 
always asphyxiaL But I have seen facts which indicate that cardiac slowing is in mmO daoaa 
due to causes other than aphyxia, for example, to sensory irritation when the state of the 
ansBsthesia is not sudii as to render the cardio-inhibitory centre inexcitable by aflerent stimiilh 

In any case the cardiac slowing is not due to a direct influence of chloroform on the 
heart ; it is entirely different in its nature and causation from the enfeeblement and dilatation of 
the organ described in this paper. The latter, it has been seen, is a result of the direct action 
of chloroform on the cardiac substance. On the other hand, the temporary slowing of the heart, 
which occasionally occurs, is due to stimulation of the card!o*inhibitory centre in the medulla, 
as I found at an early stage of this inTestigation. It is abolbhed by section of both Tagi, and 
its characters can be imitated by direct stimulation of the vagi. 

Slowing of the cardiac action under chloroform does not, as fhr as I hare seen, proTe 
dangerous in itself in healthy animals, whatever it may do in conditions of derangement and 
disease. The mode of failure in the healthy animal is not by a slowing or sudden cessation of 
the cardiac rh^-thm, but by an enfeeblement and dilatation of the organ while the rhythmic 
(but ineffectual) contractions go on. 

Relation of the Infltienee of Chloroform to the OemrTenee of Fibrillar Contraetion m thi 
Ventricles (“ Herz delirium^" or Pelirinm Cordis), — I have several times witnessed the snpen- 
vention of fibrillar contraction or delirium cordis in the ventricles of the cat’s heart from the 
influence of chloroform. The normal beat was abolished, and the ventricles were thrown into 
the wildly-irregular, incoK)rdinated, ineffective action characteristic of this condition. But 
such an accident never occurred in any of my exporimcntH with anrosthetio doses of the drug| 
but only when an overdose of strong chloroform vajwur was pumped into the lungs. I have 
seen no proof that such a mode of cardiac failure may result from the administration of chloro* 
form in the ordinary way in healthy animals. At the same time it is possible that the oocup* 
renoe of fibrillar contraction may be a cause of death in some abnormal conditions where the 
ventricles become prone to assume this disastrous form of activity. The depression and dila- 
tation of the heart induced by chloroform may terminate in a fatal onset of fibrillar contraction 
or delirium cordis. 


PART IV. 

The Relation of certain Changes in the Respiration to the Effects of Chloroforrn^AUsroe 
tiems in the rate and depth of the breathing exert a profound influence on the effects produced 
by ehlorofonn. The results following the administration of a definite amount of the ansDsthetio 
depend largely upon the rapidity with which it is introduced into the circulation. A small 
amount of chloroform quickly taken in produces vastly more potent effects than a large 
quantity slowly absorbed over a considerable period of time. Hence the absolute atncuitt of 
^ drug taken in by an animal — apart from coniideration of the time spent in its intarodnetion-— 
proTM no guide at aU as to the degree of influence produced it upon the various qrstoms* 
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A large amotOit may be given in half an hour vriih a oontihnons bni eUghi efkot upon liie 
several fonctions, but a mere fraction of this quantity given in half a minute may be suffi* 
cient to cause death. 

Now, variations in the effects of chloroform in any particular animal appear, in ordi- 
,nary circumstances, to be effected more powerfully by changes in the number and depth of 
the respirations than by any other factor. When chloroform is given by inhalation in the 
usual way (upon a cloth held near the mouth and nose), an amount of the drug which may be 
used with safety during ordinary easy breathing may speedily produce dangerous results when 
the respirations become rapid and deep. On some occasions I have tested this matter in a 
slightly different way— by causing an animal to breathe through the anaesthetic bottle, and 
observing the influence of certain definite doses of chloroform (a) during easy breathing and (h) 
during rapid gasping respiration, the state of the blood-pressure and the general condition of 
the animal being similar in both instances. The chloroform was given by being introduced 
into the anaosthetic bottle, through which the animal’s (spontaneous) breathing was]carried on. 
The difference in the effects of a few minims of chlorofbnn in the two cases was very striking ; 
a dose that had only a slight influence during easy breathing was productive of powerful effects 
when given during rapid and deep respiration. 

In experiments where artificial respiration was carried on by pumping air into the 
lungs, I have often tested the same point. Respiration was first carried on at a moderately 
slow rate (20 to 30 per minute), and the extent or depth of the respiratory movement was 
such as to resemble easy breathing. A certain amount of chloroform was injected into the 
anaosthetic bottle, and its (‘flfects on the blood-pressure, conjunctival reflex, etc., recorded. 
When the results of this administration had passed away, a change was made in the artificial 
respiration ; the movements were accelerated (to GO per minute), and rendered more extensive; 
then chloroform in the same amount as bc'fore was introduced into the bottle. It was found 
that equal doses of tli(» aiucsthetic, administered in the two different conditions of (a) moder- 
ate respiration, and (h) (‘xaggcrated respiration, had remarkably difiTerent effects. With moder- 
ate respiration, the resulis ol’ a ceriain dose (for (»xample, two minims), were very slight, 
whereas the same dose during exaggerated resj)iration caused great depression— extensive fall 
of blood-pressure, etc. In these experiments the thorax was intact, and the animal was unin- 
jured save for the introduction of a canula into the carotid artery for the purpose of obtaining 
a blood-pressure tracing, and a canula into the trachea for artificial respiration. 

Similar results were obtained in experiments conducted witli thorax laid open and 
recording apparatus applied to the heart, as described in Part II. of this Roj)ort. The minuteness 
of the doses of chloroform required to produce very marked results in many of my experiments 
(described in Part II.) was in close relation with the rapidity of the artificial respiration carried 
on. Such a respiration was necessary in order to avoid the manifestation of spontaneous efforts 
at breathing. Moreover, this rate is no greater than what is very frequently seen in the 
spontaneous breathing of the cat under chloroform. 

From the great variation in the influence of a definite amount of chloroform, according 
to the rate and depth of the respiration, it is evident that the ensuring of free dilution of 
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chloiofonn witib air and the restriction of the amount of chloroform vapour to a certain per* 
oentage do not necessarily prove a safeguard against the speedy intake of an overdose. For air 
oontaining a sufBcient percentage of chloroform vapour, for safe and effective ansssthesia dur- 
ing easy breathing, will during deep and rapid respiration, supply a vastly greater amount of 
chloroform to the pulmonary capillaries. I am not able to state precise amounts for the volumes 
of air taken in during easy breathing and exaggerated breathing in die case of the oat. But 
we know that in man the quantity of air taken in at each respiration during easy breathing is 
about 20 cubic inches : whereas, daring a verj" deep breath, about 100 cubic inches may be 
inspired. Thus five times as much air is taken in at a very deep breath as by an onlinary in- 
spiration; but, in addition to the difference lietween ordinary breatliing and deep breathing, we 
have to consider the results of acceleration. 

In addition to a change in depth we have often a great change in rate. The rate may 
be doubled or trebled at the same time that the depth is increnseil. Hence it is e^'ident that 
the amount of chloroform taken in during a pi'rioil (for example, 10 seconds) of deep rapid 
breathing may be at least ten or fiftetm times as much as during a similar period (10 seconds) 
of easy breathing. And, if there is a fixed pt‘rc.<mtagt* of chloroform vajwnr in tlie air all tlie time 
it is obvious that ten or fifteen times as much chloroform \\ill be admitti'd into the lungs in the 
one period as in the other. Now, it >^ill nnulily be understood that— t'sjKKdnlly if chloroform 
is already present and exerting its influence to some oxUmt in the circulation — an overdose 
may be very speedily given in this way, ami ('videnci"* of dangerous collapse may present 
themselves with striking suddenness. 

The chloroform taken in will, of course, teml to lower the blood-pressure, and so tend to 
retard the access of the drug to the viuil organs ; but, as we h{iv(* s<*(*n th(‘ heart ofttm shows 
signs of dilatation before there has been sufficient time for th(‘ fall of I>lood-pressur(^ to be 
brought about ; hemx' in all prul)al>ility in soim* cuimw an amount of chlorolbnii suf- 
ficient to cause disastrous results may be taken in b(*for(^ a j>rot4‘ctive fall of j)ressuro 
can come efficiently into play. Especially wlam <lei[) rapid respiration is accompaniiHl 
by a high or tolerably high blood-pre‘'Sure, tlu* amount of tlu» anojstlu'lic rapidly taken 
in is apt to prove daugerou'-. ; and a fairly high pressure may lx* present for a time, 
even though a good deal of cbloroforin has b<‘en tak<*n in. For example, when — 
although a considerable amount of tluj drug ha*^ Iwen admini'^t«‘n*(l— the anmsthesia is not suffi- 
ciently complete, strong sen^'ory irritation (for example*, operali\e inteTferenec*, or tln^ intro- 
duction of too concentrated chloroform vapour into the* air pas^age-s) can inducej a marked rise 
of blood-pressure. The blood-pressure rises nmier the influence of wmsory irritation, even 
though there is in the circulation an amount of chloroform sufficient to maintain a pronounced 
lowering of pressure in the absence of sensory stimulation. 

Further disturbances of the breathing and the occurrence ot deep rapid* ins[>irationH 
are apt to be excited by stmsory excitation during im]H*rb*ct uiiajstlwsia, when the influence of 
the chloroform is not sufficiently great to prevent the respiratory centre being reflexly affected 
in this way. In this condition then there may lx? suddenly develoixul the conditions that are 
most favourable to the rapid intake of an overdose of chloroform, namely, quick gaspmg respi- 
ration, accompanied by a high blood-pressure. 
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At tlbiei sudden exaggeration of the leipiration and a rise of blood-pressnre may result 
fyom a temporary obstmotion of tihe breathing. And in some instances it is possible that exag- 
gerated reieipimtion may be due to a directly stimulating effect of chlonfform on the reiqpiratory 
omitrOt bat in tim case it would probably not be so sudden in its deyelopment. 

Influence of certain Changes in the Action of the Heart and in the Shod-preesure upon 
the Effects of Chloroform Inhcdaiion . — I have seen no grounds for believing that changes in the 
action of the heart alone (for example, changes in rate) can influence the results of chloroform 
administration, except in so far as such changes affect the blood-pressure. A great increase in 
the rapidity of the heart’s action may be attended by little or no rise in the blood-pressure. 
I have frequently seen a great and sudden acceleration of the heart without any important 
change of pressure ; and, conversely, a marked slowing of the cardiac rhythm may be accom- 
panied by no fall of pressure. It is really the alteration brought about in the blood-pressure 
that is directly productive of marked effects in regard to the influence of chloroform. Changes 
in blood-pressure do undoubtedly modify in every important degree the results of chloroform 
or ether inhalation. The great resistance towards both chloroform and ether during certain 
conditions of low arterial tension (for example, from vagus stimulation or section of splanchnics) 
has been already referred to, and is quite in accordance with the observations of the 
Hyderabad Commission on the same point. An amount of chloroform which may be given 
during a state of low arterial tension (depending on causes other than the anaesthetic) without 
marked effect may lead to grave results if the pressure be suddenly raised by artificial meanS| 
for example, by compression of the abdominal aorta. The dose of chloroform then reaching 
the vital organs is largely increased on account of the great augmentation of the blood stream 
in the head and upper part of the body. In this way a sudden change of pressure may be 
productive of dangerous effects. 

During a condition of low arterial pressure the occurrence of an asphyxial condition may 
cause a great rise in the pressure, and thus lead to considerable variations in the amount of 
chloroform reaching the vital tissues, especially if the elevation of pressure be followed by the 
occurrence of exaggerated respiratory efforts, as may readily happen on the removal of a 
mechanical obstruction to breathing. 

When a low arterial tension is dependent on the depressing influence of chloroform 
there is little or no chance of any important rise of pressure being brought about by irritation 
of sensory nerves ; the anesthetic prevents the occurrence of such a vascular constriction &om 
sensory excitation. 

But during imperfect anesthesia a moderate pressure may suddenly be converted into a 
high pressure by strong irritation of sensory nerves, causing stimulation of the vaso motor 
centre and increased vascular tone. When such an elevated pressure is combined with violent 
respiratory efforts, there is danger of an overdose of chloroform being taken in unless great 
care be exercised. 

The danger involved in the abrupt change from a low pressure to a high juessure is due 
to the fact that when the pressure is low chloroform may be given in comparatively large 
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inioimt wi&out pioduemg any airiUng afibei ; lihe ohloitxfem may be pttdiad^ and then wiiaii 
file piesaim suddenly rises dangerous eflbots may speedily misue if the administratioii of file 
ansBsfiietic is continued in the same way (in the same strength) as was employed during the 
state of low pressure ; the amount of chloroform reaching tho vital organs becomes much 
augmented with a high pressure. It is evident, then, that a low blood^pressure must last for 
some time, so as to lead to a more abundant administration of chloroform, before any danger can, 
with reasonable care, be caused by a change to a higher pressure. Henoe the occurrence of a 
very brief and transient phase of low pressure (such as may be caused by a short inhibition of 
the heart), followed by a speedy rise to the normal height, does not introduce any special 
danger in the use of chloroform ; for the period of low pressure does not last long enough to 
induce the administrator to give chloroform more abundantly, and thus there is no danger in 
the subsequent rise. 

Apart from the influence of asphyxial conditions, a change from a very loio pressure to 
a hiyh pressure is very rare under chloroform. Such a change can, of course, be easily 
brought intentionally (for example, by stimulation of the vagus, compression of the vena cava 
inferior, etc,)^ and it may po&sibly occur in certain {Hjculiar circumstances of 0})erativo proce- 
dure, but its occurrence in such a degree as to constitute a serious danger in chloroform 
admimstration is probably rare. 

On tlie other hand, it has been already stated that during imperfect ansssthesia a 
sudden change from a moderate to a hi<jh pressure (causiHl by sensory irritation) may co-operate 
with exaggerated rosi)iration in leading to the intake of a dangerous overdose. 

Indications of Danger during Chloroform Administration derivalde from the IteSpiration 
and from the Blood^pressure. — The relative iinporianoe of obs(^r\’ation of tlio respiration and 
the blood-pressure with n‘gard to the warnings of danger derivable from them was studied in 
many experiments in the following manner : A cat, renderwl unconscious with chloroform in 
the usual way, wa** fastened on a ('zennak’s holder ; a blood-pressure tracing was taken (by 
means of a Ludwig'.s kyinognqJi) from the carotid urt<»ry, and a tracing of the respiration by a 
tambour kept in contact with the aiiimars chest and communicating with a recording tambour 
which inscribed its mov<*ment on th(* recording surface bimultaneously with tho blood-pressure 
tracing. More chloroform w'as thou given on a cloth held near the animars mouth and nose, 
and after a time the anaesthetic was pushed. Tli<» course of the blood-pressure and the respirar 
tion was accurately registered by their tracings ; it was found that indications of approaching 
danger w’ere given most commonly by the respiration, but this W’as by no means invariably the 
case. In several instances w'arning w’as given first by the blood-pressure. A sudden and 
precipitous fail of pressure occurred at varying |)eriods— fifteen, twenty-five, thirty seconds, and 
even longer — before there was anything in the state of tho respiration to cause alarm, and 
even then the respiration did not stop, but became slowed and somewhat spasmodic in its 
character. Sometimes a slight change either in rate or force is seen in the respiratory tracing 
along with, or very soon after, the fall of pressure, but such a change would not have been 
apparent to the eye without the use of accurate recording apparatus ; and even when visible to 
tlto eye, the respiratory changes accompanying a dangerous fall of pressure were sometimes 
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not more snacked or ttotable iliasi alterations in the respiration oocnrring at earlier jdiasea of 
' chloroform administration and attended hj no serious consequences, thongh ihe giving of the 
amesthetic vm not suspended, or any remedial measures adopted. 


The sudden and precipitous fall of blood*>preBSure above referred to as giving warning 
. of an overdose was, I have no doubt, attended by a marked change in the pulse— such a change 
as could have been appreciated had the pulse been felt during its occurrence. 

The period intervening between the indication of danger given by the blood^pressure 
and that afforded by the respiration in these cases is a short one, but there can be no doubt 
that in such cases the gaining of even a very short time may be of extreme importance. The 
difference of a very brief period as regards the moment when the further administration of 
chloroform is stopped, and remedial measures adopted, may turn the scale in favour of recovery 
or death. 


PART V. 

General Conclusions. 

1. During chloroform anaesthesia the blood-pressure is lowered and the heart’s action 
is weakened. 

2, Dilatation of the heart occurs to an appreciable extent, even when chloroform is 
administered gently, mixed with abundance of air (under 4 per cent, of chloroform vapour in 
the air), 

8, Dilatation may occur even before the conjunctival re^ex is abolished. 

4, The dilatation affects all parts of the heart more or less — the left side as well as the 
right. It is not due to changes in the pulmonary circuit. 

5, The dilatation is not due to the accompanying fall of pressure, to the diminished 
resistance to tho ventricular systole, or to the diminished blood-supply through the coronary 
arteries. Dilatation does not result from a similar fall of pressure brought about by means 
other than chloroform, for example, arterial relaxation caused by section of vaso motor nerves. 
Dilatation under chloroform often occurs very quickly, before there is any fall of pressure. 
Moreover, when the dilatation has followed a fall of pressure it is not removed by artificially 
raising the pressure, for example, by compression of the abdominal aorta, 

6. There is no distinct change in the rate of the heart’s action when dilatation occurs. 
A sudden and complete cessation of the cardiac rhythm is never caused by the inhalation of 
chloroform. Cardiac failure occurs by a more or less sudden enfeeblement and dilatation of 
the organ ; not by a sudden complete cessation of rhythm. 

7. The tone of the heart muscle is depressed, the cardiac walls become relaxed, and 
tbo functional efficiency of the organ is impaired. 
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8. Vfhm tibe heart becomes greatly dilated it fiuls to be an eAmiite foroe hai Iceeping 
op the circulation, while its rhythmic moTcment still oontmoes-^hoogh so feebly as to be 
inefficient. 


9. Cardiac faUnre sometimes occurs in this way a considerable time before the respira- 
tion stops, though generally the respiration stops before the heart has become incapacitated. 

10. The failure of artificial respiration to bring about recovery (in some cases of 
chloroform collapse), when begun immediately after the spontaneous respiration has ceased, 
is in all probability due mainly to the enfeebled and distended state of the heart, which has 
become unable to maintain the circulation* Hence the supply of fresh air (by artificial 
respiration), free from chloroform, cannot bo taken advantage of. 

11. The depressing influence of chloroform on the heart — ^leading to dilatation of its 
cavitiesH^is not exerted through the vagus nerves, but is a direct effect of the drug upon the 
cardiac mechanism. Section of both vagi does not obviato the weakening and dilating 
influence of chloroform upon the heart. 

12. The weakening and dilating effects of chloroform are sometimes manifested in toleiv* 
ably equal degree on both auricles and ventricles ; but sometimes more readily upon the auricles, 
and at other times upon the ventricles. 

13. A peculiar periodic depression of the ventricular action sometimes occurs during 
recovery from the primary effects of chloroform. 

14. The contrast between the relation to the heart’s notion of chloroform and ether in 
anaesthetic doses is very marked. With chloroform, cardiac dilatation frequently occurs— -and 
often, indeed, a very marked dilatation— before the conjunctival reflex is abolished. With 
ether, the induction of anassthesia with coinpleio abolition of the conjunctival reflex has not 
been attended by any noteworthy dilatation ; indeed effects of a stimulating character have 
sometimes been observed, and the peculiar {)eriodic ventricular depression sometimes following 
chloroform has been seen to be removed. 

15. Under the influence of chloroform a temporary slowing of the heart’s action 
sometimes occurs — from asphyxial conditions or from sensory stimulation daring imperfect 
ansesthesia. This slowing is quite different in its nature and causation from the enfeebling and 
dilating effect already mentioned. The slowing is not due to direct influence of chloroform on 
the heart, but is indirectly brought about through the vagus nerves. It does not appear to be 
dangerous in the healthy animal. 

16. The occurrence of fibrillar contraction (delirium cordis) does not appear to be a 
primary mode of cardiac failure from the inhalation of chloroform in the healtiiy animal, 
though it may sennetimes supervene when the heart has become distended and incapacitated by 
dhlorofonn. 
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17. IfUie fietll of bloodrpresBare under chlorofbnn ie in iisearlier singes doe nudnlj to 
file depressing effect of the ansssthetic on the ysso motor c^oitre, preceded often by a sfighi 
stimnlation ; the later stages are associated yriiAx failure of the heart as well as of the tbso mo* 
tor centre. 


18. The relative occurrence of cardiac dilatation and vaso motor depression varies. 
Sometimes the heart begins to dilate early — ^before there is any fall of pressure ; at other times 
a large fall of pressure may occur before cardiac dilatation becomes marked. 

19. The lowering of the blood^-pressure is in a certain sense protective ; it retards the 
access of more chloroform to the vital organs. But, on the other hand, the fall of pressure may 
become excessive and produce dangerous effects. 

20. In certain circumstances, when chloroform is very suddenly taken in, a dangerous 
dose may be absorbed, and the heart may become seriously affected before the vaso motor 
centre has had time to be much depressed. 

21. When a fall of carotid pressure has been brought about by the gradual inhalation 
of chloroform in the ordinary way, firm pressure applied to the abdomen causes a marked rise 
of pressure — ^very much more than can be obtained by inversion of the animal. And even 
when the fall of pressure is due to the sudden inhalation of an excess of chloroform, pressure 
on the abdomen commonly, but not in all cases, leads to a decided rise in the carotid pressure. 
The existence of cardiac failure may prevent the possibility of such a change. 

22. Changes in the respiration exert a most important influence upon the effects of 
chloroform administration. An amount of chloroform which can be given with safety during 
easy breathing may speedily become dangerous during deep, rapid respiration. 

23. Free dilution of chloroform with air — the restriction of the percentage of 
chloroform vapour to 4 or 4^ per cent, — gives no security against an overdose. A percentage 
that gives safe anaesthesia during ordinary breathing may lead to fatal collapse if given during 
exaggerated respiration. 

24. Changes in respiration may be excited by sensory stimulation (operative interfer- 
ence, too strong chloroform vapour, daring imperfect anmsthesia. Rapid, gasping 

respiration occurring in such circumstances is usually accompanied by a rise in the blood 
pressure, and, as there may be already a considerable amount of chloroform in the circulation, 
there occurs a combination of circumstances specially favourable for the speedy and sudden 
development of dangerous collapse, 

Note.—l hope soon to publish traoings illustrative of some of the experimental facts 
described in this report, « 
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ARTICLE, REPRINTED FROM TBE MEDICAL CHBONICLB 

OF APRIL 1890. 

Bt ALEXANDER WILSON, V.B.O.S., 

Administrator of Anaesthetics, Royal Infirmary, Manchester. 

Thb opinion that, in a certain number of oases, death from chloroform is due to oardiae 
paralysis, was first enunciated by Dr. Sibson {London Medical Gazette^ Vol. XLIl., p. 109), 
and it is important to note that this conclusion was originally arrived at, not from physio- 
logical experiment, but from a consideration of the first fatal oases in man. 

There appears to have always been some contradiction between the results obtmned by 
experiment on animals and those obtained by clinical experience on human subjects. Thus, as 
early as 1848, Mr. Thomas Wakley proved, by a series of experiments on animals, tlmt in deaths 
from chloroform the heart continued to beat after cessation of the respiration, these results being 
confirmed by a Commission held in Paris in 1855 {L Union MedicaU^ No. 13, 1855). 

Notwithstanding these experiments, the reported fatal cases from chloroform inhalation 
appeared to indicate that in man, at least, the failure of the heart preceded the cessation of 
respiration. The grounds for this Iwlief are that the fatal result is usually sudden, the patient 
in the midst of violent struggles, after a deep inspinition, becoming at once practically lifeless, 
the pulse stopping liefore the respirations, and occasionally Incoming distinctly and gradually 
feebler before cessation of the respirations. But, no doubt, the main reasons for the belief 
were the suddenness of the result, the cessation of the pulse, and the uon*sucoess of artificial 
respiration to restore the jjatient. 

Dr. Snow was the first to reconcile the difference between the results of experiment and 
of clinical practice, by showing that death might happen in one of several ways, acoording to 
the amount of chloroform absorl)ed — 

(a) Chloroform inhaled gradually, until death resulted, killed by gradual paralyBis of 
respiration, the heart continuing to beat after cessation of the respiration. 

[h) But when a large dose of the dnig was suddenly taken into the system, the heart 
ceased beating l)efore the respiration stopr)ed. 

(r) It was also thought that this sudden f^aralpis might set in before insensibility was 
produced. The cardiac paralysis was considered to be the chief factor in the fatal result, 
because efiSicient artificial respiration did not resuscitate these cases. 

There was an impression that the cessation of the respiration might be entirely remedied 
by artificial respiration, but that the affection of the heart was necessarily fatal. 

Clover, writing about 1875, says of chloroform besides its liabilify to cause 

apMsa, which k zeniediahle^ it may prodnee total amst of the heart’s actum, which k not po/’ 



These «iiews of the action of ohlorofom were confirmed by the OonAnission of ibe llediecK 
OhiAurgical Society, London, in 1864, and again in 1879 by a committee of the British Medical 
Association, in their report on the action of anaesthetics {British Medical Journal^ 1879, YoL I., 
pp. 1 and 921), stated that chloroform has sometimes an tinexpected and apparently capri- 
cions effect on the heart’s action. Chloroform may canse death in dogs by primarily paralysing 
either the heart or the respiration. The variations in this respect seem to depend to some 
extent on individual peculiarities of the animals (?) In most cases respiration stops before the 
heart’s action, but there was one instance in which respiration continued when the heart had 
stopped, and only failed a considerable number of seconds after the heart had resumed.” 

The whole work of the committee tended to prove the conclusions arrived at by Dr. 
Bnow, that under certain conditions chloroform did affect the heart before the respiration, 
though failure of the respiration was the most common cause of death. 

The Hyderabad Chloroform Commission have come to a conclusion similar to that arrived 
at by Mr. Wakley in 1848, and the Commission of the Society of Emulation of Paris, in 1852, 
in death from chloroform the heart continues to beat after the respiration has ceased, 
results in contradiction to the previous London Commission of 1864, and the Glasgow Com- 
mission of 1874. 

There may be several objections taken to the unreserved application of the conclusions 
of these experiments to man. 

First, there is the difference which may exist in the action of chloroform on the heart 
of man and of animals. There is the possibility that the habits of life, the taking of stimulants 
and narcotics, especially the habitual use of drugs like tobacco— for the condition of the vagus 
centre is shown to be of great importance in relation to chloroform narcosis — may have some 
effect, if not in altering the behaviour of the heart muscle or its innervation, at least in modify- 
ing that chain of events ui)on which depends the absorption and distribution of the chloro- 
form by the blood. Amongst other points of difference between man and the animals expert 
mented on are the relation of the vital capacity to the size of the animal, and the interference 
with complete filling of its lungs, resulting from holding of the animal. 

It has often been shown that the suddenly fatal cases are rare in human subjects in 
which there is any impediment to the free expansion of the chest, Clover has pointed out 
that a phthisical patient is less likely to take a fatal dose of chloroform than one with 
healthy lungs, because his chloroform-absorbing capacity is diminished. Again, it has been 
noted that few patients die suddenly from chloroform, when it is inhaled lying on the side; also 
few, if any, sudden deaths are reported in case of ovarian tumours. The explanation of these 
oases is that the interference with full expansion of the lungs by the position or the presence 
of the tumour prevents the lungs taking in the necessary fatal dose. 

On the other hand, the greaiter number of the suddenly &tal oases occur in people with 
healthy chests and large vital capacity, in reducing dislocations of the shoulder, and in 
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ttoam <qpeiatiof!iB) siidi m teeiih estraetion, especialiy in those in whioh the petieni^ being in the 
natoxal upright pOBition» can give the reepiiEtoxy muscles full play, snd oompletely fill the 
chest. 

Thus it is worth oonridering if the holding of a struggling animal, such as a dog, 
might not so interfere with its breathing as to prevent the full dose being taken, especially as 
the snimiil would not be likely to be held in its natural position. There is an indication in the 
report that, in at least some cases, the holding of the animal did actually interfere with ha 
respiration. If it did so in one case it probably did so in numy, especially as a dog’s thorax is so 
shaped, that to hold its fore legs together in front of it, would prevent the complete expan*^ 
sion of its chest, and so prevent it suddenly taking a fair dose of chloroform vapour. 

In animals, too, we have an absence of the desire to inhale freely. In at least one 
reported case the wish to inhale the chloroform freely contributed largely to the fatal result. 

In chloroform accidents in man, of the very sudden variety, considered to be due to 
cardiac syncope, a certain set of conditions are present which are difficult to obtain in animals. 

The subject is generally young or middle aged, with an expansile chest ; the chloroform 
is willingly inhaled, quietly at fii^t, until wmi-unconsciousness is produced, when the fauces and 
glottis are insensitive : then, during htruggling, with or without holding the breath, the patient, 
often in an upright or semi-upright position, and having his amis fixed by the assistants, which 
gives his respiratory muscles gcKKl purchase, gets one or two Jeep inspirations at the greatest 
advantage, and so obtains the maximum amoiuit of chloroform. 

There is the desire to get under the influence of the drug the voluntary inhalation fol« 
lowed by the still steady conscious anxiety to inhale mon\ and then the involuntary deep in- 
spiration, in the natural position in which a deep inspiration can he U^st Uiken, 

All these are conditions difficult to obtain in exjM'riments on animals, and it is only 
under such conditions that the supj)osed canliac pamlysis has l>eeii pro<luced in man. 

The interval l)i»twccn the htopy)age of the heart and tli(» rcsj>iration is so short that these 
points, trivial though they seem, inuy easily l>e of imiK>rtnnce in modifying the result. 

It has always Ijeen maintained by the advocates of the syncope theory that it is only under 
certain circumstances, and by a certain definite combination of factors, that chloroform sufficient 
in quantity to paral}^ the heart can be introduced into the blood, and that this particular 
combination of circumstances occurs very seldom — about once in every 1,00() or 2,()00 admin« 
istrations. 

Thus as Dr. Snow pointed out years ago, the effect of chloroform on any given case 
varies with the amount contained in the blood at any given time. 

This depends upon the strength of chloroform vapour exhibited to the patient, the ease 
with which it is inspired through the glottis, and the depth and frequency of the inspirationa ; 
the amount actually absorbed depends upon the condition of the blood (its capacity for ohloro- 
form may vaiy), the time it stays in the lung8» the ra|ndity of the circulation, and other fimtors. 



The idee uras tihet by oertain cembi&aiion of tibeee seveml ftotona^ the maadimnii qiiaiit% 
of ckorofom was absorbed by the blood in the lungs and hurried to tibe hearty ihe next organ 
in the order of the circulation, not merely distending its cavities with chloroform*satarated 
blood, but also being distributed by the coronary arteries to every part of its substance, and so 
causing paralysis. This result is also assisted by the condition of distension of the heart and 
the venous condition of the blood. 

That the arrangement of these various factors — respiration, pulse, etc ,^ — ^has an im« 
portant bearing in the action of the drug on the heart, is well shown by these experiments of 
the Commission. These showed that by varying the methods of administration in different ex* 
periments it was possible to maJke the heart cease beating at intervals of from one to twelve 
minutes after the cessation of the respiration. It is not impossible that by further variations 
the time might have been reduced until the stoppage was simultaneous with, or even preceded 
the cessation of respiration, and the experiments would have been thus made to accord with 
certain reported fatal cases in man. 

The cases in which the heart ceased soonest after the respiration were cases complicated 
with aaph3rxia, that is, cases in which semi-asphyxia was produced, presumably followed by 
deep inspiration ; under these circumstances the heart ceased beating one minute after the res- 
piration stopped. Now it is under conditions similar to these in man, that the so-called cardiac 
syncope occurs, and it is by working on these lines that attempts to produce it in animals should 
be made ; but it appears that the Commission only made some four of these experiments hardly 
a sufficient number upon which to base an important statement. 

In ordinary practice, the several conditions giving a fatal result from cardiac syncope 
are combined about once in every two or three thousand administrations. Because the Com- 
mission did not obtain it in some 600 attempts they conclude that it cannot exist. This is 
scarcely reasonable, especially as the bulk of their woric was not upon the lines which promised 
the nearest result, viz.^ those of deep inspiration after semi-asphyxia. 

The manner or means by which the movement of the heart was tested are of some mo- 
ment, as explaining the discrepancy between the results of experiment and practice. Most of 
the cases were tested by a needle introduced into the heart, or by opening the chest. These 
methods will indicate the merest quiver of the heart muscle, — movements that would give no 
indication of their presence to ordinary observation, and movements that would probably be of 
no functional use, U€.y in no sense contractions. It has been noticed by other observers, that 
the hearts of animals killed by chloroform show fibrillary irritability, after the heart muscle, as 
a whole, is incapable of contraction, — ^a condition similar to this would indicate movement 
tested by the above, but such movement would be fallacious. 

It would be interesting to know the degree of action exhibited by the heart after oessar 
tion of the respiration. Was the power of propelling blood retained ? If the action consisted 
only of muscular tremors it would be of little value, and hardly what is understood by action 
of ^6 heart. 
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The Mowing caae may be here quoted as a good example of the doss of dtlorofimn 
aoddents, upon whidi is based tiie theory of tiie aotaon ci chloroform on the lieart : — 

The patient was a strong, healthy labonrer^ who required an anscsthetio, while some 
adhesions were broken down in his knee-joints ; he had taken chloroform snooessfully three 
months previously. The case is reported by the surgeon who was superintending the adminis- 
tration of the anaesthetic. Chloroform was adminbtered by a towel. {British Medical Journal^ 
1884^ Vol. II., p. 811.) 

** The patient showed not the least sign of nervousness . . • and commenced 
haling by several rapid shallow breaths, as if determined to get quickly under the influenoe of 
the anaesthetic. Following immediately upon the shallow movements were three or four deep 
inspirations. Feeling that this method must have entailed a large and rapid consumption of 
chloroform, I directed the house surgeon to remove the cloth, when the patient; though still 
breathing^ w^as seen to have his eyes wide open, the pupils rapidly dilating, and the coivjunotiva 
insensible. The face was neither livid nor pale ; the lijw, indeed, were of their normal pink 
hue, and the cheeks slightly flushed. In fact, beyond the condition of the eyes, there was 
nothing in the facial osjxKrt to excite alarm. Up to this |Knnt^ the time of the inludation could 
not have exceeded one to two minutes. On feeling the right radial no pulse could be detected. 
The head was lowered, respiration then ceased ; not, how’ovor, until three or four breaths liad 
been drawn after the recognised cessation of the pulse. After tlie oommonoomont of artificial 
respiration, the patient spontaneously made several gasps, but there wore no father signs of 
vitality.’* 

This case is valuable bet'ause it is reported, not by the administrator of the anmsthetic, 
but by one who was merely watching the case, and who had ample time accumtely to note the 
events w^hich occurred ; and the absence of struggling, so common in suddenly fatal coses, 
made the oljservation of the symptoms easy. 

Taken in conjunction with the numerous reported cases in which the patient passes 
suddenly from a condition of active struggling to a sUite of collapse, with gasping respiration 
and absence of pulse, it proves tliat chloroform, if it does not actually paralyse the heart, may 
cause death by some moans equally sudden and certain ; and that in such cases, the heart is 
practically stopped, as far as its functional value is conc(5rned, liefore the respiration. The case 
indicates also that observation of the respiration alone will not give adequate warning of 
danger, for the respiratory movements may be perfect one second, and the next bo on the verge 
of extinction, and hopelessly beyond recovery. It also shows that fatal damage may Itave been 
wrought on the system before there is any outward sign. 

Tbb case is also noteworthy as contradicting the statements made by the first Hydeiw* 
bad Chloroform Commission tliat since 185(>, no death from chloroform has occurred in which 
the respiration, and the respiration alone, was aUended to throughout the administration. 

The patient was breathmg perfectly, and there was no sign of respiratory failme when 
the administiation was suspended, so that was the respiration alone observed it wonld only 
4S 
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bare itgoalm danger some seeoads hior. There can be litile donbi biSl fliat ii>e ]nibe ia 
siu3i • case, where <i>e palaent was qttiet and breathing tnmqnillj, weald hare eadiibited mom 
decided alteration had it been observed. 

In the second portion of the report it is shown that the essentml action of chloroform on 
tiiO system is to canse a foil in the mean b]ood*pressare. This fall is proportionate to the amoont 
of chloroform inhaled and absorbed into the system. [It wonld have been interesting to have 
known the relation, if any, the condition of the blood-pressnre bore to the state of ansesthetia.] 

# 

This fall in blood*^ressnre bears some relation to the respiration, but what this relation 
is, is not distinctly stated, and the canse of the fall in pressure is also not clearly assigned, exo^ 
(Sec. 19) that it is not due to the direct action of chloroform on the heart, and must be due to 
paralysis of the vaso motor centre. This is important when taken in conjunction with the fol- 
lowing parts of the report (Sec. 8) ; . . . If the chloroform is pushed further, there 

comes a point not easy to define when the blood-pressure and respiration will no longer bo 
restored spontaneously, although the heart continues to beat after the inhalation has stopped.’’ 
And also (Sec. 25) : , It is never in any case certain that artificial respiration will 

restore the natural respiration and blood-pressure, no matter how soon it is commenced after the 
respiration stops.” 

This exposes a comparatively new and insidious danger in chloroform administration, and 
one as difficult to treat as the old cardiac syncope. It is quite conceivable that under certain 
circumstances the dose necessary irretrievably to damage the vaso motor centre may be inhaled 
with extreme rapidity, and that while the respiration and pulse are still present, the centre may 
bo almost paralysed before much warning has been given. 

From a record of fatal cases in man, it appears possible that this paralysis may, in certain 
conditions, be effected almost instantaneously, and before complete insensibility has been 
produced. 

In Section 20 injection of chloroform into the jugular vein caused no paralysis of the heart. 
It should be noted that this is not ,the most direct channel by which the heart can be reached ; 
and the experiment, when compared with inhalation, is open to criticism. Chloroform in- 
jected into the jugular vein passes with the venous blood to the right auricle, where it is mixed 
with the blood of the inferior vena cava from the liver ; from the right side of the heart it 
passes to the lungs, where the chloroform, being volatile, and the air in the alveoli of the lungs 
free from chloroform, a good deal may be lost ; finally, what remains of it reaches the heart 

Chloroform given by inhalation is much more likely to reach the heart directly in large 
doses passing into the air cells ; about one-fifth of the whole blood of the body is at onoe 
exposed to it. This blood, saturated with chloroform and unmized with any noxMdilorofonned 
blood, goes direct into the left auricle and ventricle, and by the coronary arteries is first distri- 
buted into the very substance of the heart itself. A^ Dr. Snow puts it : In inhiktion tihe 
heart is always a little in advance of the rest of the body as regards the amount of oUoroform 
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ya{Kmr ioivlitekitissa^^ CSiloi^rfbiiii ftus ifimn by lidiilitiQn xoiy htm « MMp 
potent actioii than wben injeoted into a vein, and the ranUs of tibo two methods cannot w^ be 
omnpaiedL 

In Section 12 the effidct described as that of asphyxia on the blood-pressmey in causing a 
rapid fisU of blood-presstire and slowing of the heart beat^ is contrary to ihe received ideas on 
the subject. (** Homan Physiology.” Jjandois and Stirling. 1888 edition^ p. 198.^ Dortiig 
asphyxia, ** the blood^ressore measured in a systemic artery, the carotid, rises very 
rapidly, and to a great extent daring the first and second stages ; the pulse beats are at first 
quicker, but soon become slower and more vigorous. The rise in pressure is duo to stimulation 
of the general vaso motor oentre by the venous blood, and the slow beatixi^ of the heart to the 
action of the venous blood, on the cardie inhibitory centre in the medulla.” 

The attempts to produce shock during the inhalation of chloroform ($ 83) uniformly 
failed. In experimenting on animals there are several sources of error. In the first instance, 
it is doubtful if animals sufier as much from shock as man, there is an absence of menial terror 
and the depressing effect of the anticipation of the operation, <kc. 

It is well known that the extraction of a single tooth in a state of semi-anirsUiesia may 
produce a considerable amount of shock and a painful mental impression that lasts for weeks,— 
an amount of shock far greater tluui would have been felt had no auflusthotic been exhibited. 

The lowering of the blood-pressure in the case of a fatty heart (§ 89) cannot be altogether 
an advantage in chloroform administration. It must, by the efforts the heart makes to keep up 
the pressure, increase the work of the heart, and at the same time diminish the blood supply to 
ihe heart itself. 

It is important to note that in all these experiments there are double and treble reactions, 
which, though they liave a beneficial effect in diminishing the amount of chloroform absorbed, 
are in themselves elements of danger. 

Thus, serai-asphyxia and inhibition of the heart are elements of safety by preventing 
the “ intake ” and distribution of chloroform, but the ultimate result of this is to cause rapid 
breathing and quick pulse, which, by the extra “ intake ” of chloroform and the quick distri" 
bution of that already inhaled, is an element of danger. 

This change from a slow to a rapid pulse may bo attended with very nearly fatal resnlto, 
as is shown in Hection 84, where an animal was nearly killed by a short inhalation, from the 
inhibition of the vagus having been stopped, and a more rapid pulse consequently resulting. 
This fail in pressure is in itself, in feebly nourished subjects, a source of danger, causing syn* 
cope from cerebral amcmia. 

There is a pecoliar animus agiunst the feeling of the pulse displayed by Surgeon^Uiyoi 
Lawfie in the fiivi Boport, and not entirely absent in the seoond. He goes so far as in state 
*** that mnee the year 1835, in Ghreat Britain, there is no death from cUoref^ 

I 
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it vm prCiveii flialtbe sM^nriioii alone was attended to iliiDtighoitt the iahahiicm.’* lUs it 
ftiuelj fi mbiake ; there are aeveral fatal cases where the respiration only was attended to, om 
of which is quoted here, and there are many more in which respiration was attended to as fully 
os possible. 

Then reference is made to the teaching of what are termed antagonistic schools : Syme 
taught — We are guided as to the effect of the chloroform not by the circulation, but entirely 
by the respiration.’^ Erichsen teaches : When fully anaesthetised the patient requires the 
most careful watching by the person who administers the chloroform ; his finger should never 
be off the pulse, nor his eye taken away from the countenance of the patient.” 

Surgeon Lawrie considers these opinions ‘‘absolutely irreconcilable”. They are 
nothing of the kind. Erichsen’s directions are only a little fuller and more complete than 
Byrne’s, and not incompatible with his. 

I do not know the wording of the earlier editions of Erichsen, but in recent ones 
(edition of 1884, Vol. I,, p. 24), in addition to the words quoted, it is stated, “ The breathing 
must be carefully observed.” It is unlikely that it is not mentioned in some part of the 
earlier editions, especially as Dr. Snow, with whose works Mr. Erichsen would no doubt be 
familiar when writing the above, constantly emphasises the necessity for observing the state of 
the respiration and in reference to this point says : — “ The importance of attending to the res- 
piration of the patient has previously been noticed, and it is so obvious a symptom that it can 
hardly be disregarded if any one is watching the patient ; it speaks, moreover, almost to one’s 
instincts, as well as to one’s medical knowledge.” (“ Snow on Anaesthetics,” p. 258, 1888). 

Apart from any action which chloroform may have on the heart itself, the experiments 
made supply abundant reason for a careful observance of the pulse during the administration 
of the drug, and it is surprising that this point has not been referred to in the Practical Con- 
clusions. Its omission looks suspiciously like the result of prejudice against it. 

In the report it is shown that the amount of chloroform inhaled (the “ intake depends 
upon the respiration, but that the efleot of this “ intake,” the way in which it is utilised, lies 
with the circulation, with the force and rapidity of the pulse or the reverse. 

it is shown that, with a slow pulse, concentrated chloroform vapour can be exliibited with 
impunity, but with a full, bounding pulse dilute chloroform vapour may be dangerous. These 
variations occur in practice, from the quick full pulse of a patient with a high temperature to 
the slow pulse of a patient with jaundice. 

There have been fatal cases in man distinctly duo to a non-consideration of these points. 
[Case reported in British Mrdiral Joumdl^ 1887, Vol. II., p. 951, where ether was given first, 
and then a small dose of chloroform proved fatal.] This is again illustrated in Experiment 177, 
Bection 84, where sudden quickening of the pulse, from cessation of vagus inhibition, sudd^y 
placed the animal in a condition of “ extreme and unexpected jeopardy”. Tet from some rea^ 
son, though stress is laid upon these points in the Beport, they are omitted from the Piaotical 
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OsnelndoBs. Iluakilieiiionabange^ astlie OooimiMion otttual^ {mi«8 thttb Am 
appuaim ia fint inflnmioed by the ohlcmifonn, aad it u by tuo motw pualysu that deM& ll 
cawed. Why, then, disregard it in administering the drag P 

As attention to the poise is so easily managed without neglect of the respiration, and 
a proper knowledge of the state of the circulation has been proyed to bo most essential to the 
intelligent administration of an ansesdietie, it is advisable that the pulse should always be ol>* 
served; it can, at least, do no harm, and, in conjunction with the respiration, is a valuable help^ 
quite apart from any information it gives of the general condition of the jwtient. 

The assistant in charge of the antcstheiic must endeavour to be more than a mere doler 
out of innocuous doses of chloroform ; he should keep himself in touch with the whole condi* 
tion of the patient all through the operation.* To endeavour to narrow his work to mere watch** 
ing of the respiration is mistaken policy. 

In reference to the question of cardiac rcr 5 ?/.v respiratory paralysis, the following remarks 
appeared in the Lancet for September 21, 

** In the Scotch capital, failure of respiration is regarded as the chief or only danger ; 
while, in the metropolis, failure of the heart is more ftnired. It is quite jmsiblo that the sur- 
geons in lx)th cities are right, and that tlie habits or mode of living of the people may lead to 
differences in resisting |K)^er of the cardiac or respiratory appamtus respectively. The propor- 
tion of gouty patients is much larger in liondon than in Edinburgh, and when we consider 
that the natives of India ap{>ear to rcs<*njble tlie Sc<»tch in their com|)nruti\o immunity from 
cardiac paralysis by chloroform.*' .... As most cust*s of deatli from chloroform are put 
down as due to cardiac pa^al}Hi^, nn<l this is said to be rare in Scotland, the impression is con- 
veyed that fatal cases of chloroform narcosis are unknown or rare in that country, and there is 
certainly an idea abroad to this eflect. It is not necessary to resort to a eoinparison of the 
habile of the people to exjdain their imi]iuiiit> from fatal results. 

In Scotland fewer people die from chloroform, simply because fewer people inhale it 
A population of 3,991,499 must necessarily gi^e fo^er chances for the administration of chloro- 
form than one of 28,247,151 and consequently fewer possibility of fatal cam>«. Another point is, 
that such cases as do occur are not always, fn>m the alm*noe of coroners’ in<|uests, brought to 
light a large number, if not the majority of the fatal chloroform cases in England, owing their 
publicity to the newspaper reports of the coroners’ inquests. 

But deaths from chloroform do occur in Scotland and even in Edinburgh. A casual 
search in the medical journals gives the following figures : Edinburgh Iloyal Infirmary (1878 
to 1880), three deaths ; Western (Sir George Maclood’s Hospital) Infirmary, Glasgow (1883 
to 1885), three deaths ; Royal Infirmary, Glasgow (1883 to 188.5), two deaths ; other parts of 
Scotland (1881 to 1883), six deaths. England, 110 deaths; Scotland, 14 in same period* 
England, populatton 28,247,151 ; Scotland 3,991,499. 


Kote bj the CommmiQa si tlie end of Hr. Wllsoa’t Aitlcis.] - 
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la 8t»4m!i|g np the veralte of ilie latest CommissiQn on oUorofom it is to be nawm* 
bewd ^t^ in tbe opinion of nuuaj persons, as regards the first part of their woric, the 
investigation of the point, does chloroform paralyse the heart ? nothing new has been added to 
onr knowledge. 

The result has been to confirm the work of some of tbe previous experimenters, but 
without explaining bow the theory of cardiac paralysis appeared to be borne out by tbe experi- 
ments of Dr. Snow. There has always been since the discovery of chloroform sufficient 
evidence to prove that it is very difficult, if not impossible, to produce sudden cardiac paialyBis 
by it in animals, and an equal amount of clinical evidence to justify the supposition that such 
can occur in man. 

To estimate the value and importance of tbe second part of the report, it must be noticed 
that the action of chlorotorm on the heart was (by the advocates of this ansBsthetic) considered 
to be the ow7y objection to its general use. It was this supposed power of causing irremediable 
cardiac paralysis which made people afraid of it. If this property could be shown to be non- 
existent the harmlessness of the drug would be established. 

This is easily understood, from the facts that artificial respiration is so readily carried 
out, and cessation of respiration remedied by artificial respiration so common, that the impres- 
sion is prevalent that it is easy to breathe for a person, but the remedying of the cessation of 
the heartrbeat presents insuperable difficulties. 

It was not imagined that chloroform might possess other dangers— it is for a knowledge 
of these that we are indebted to the Commission, r/c., the importance of the part played by 
vaso motor paralysis in the causation of death, and the fact that the paralysis of the respiratory 
centre may be final at the moment that attention is drawn to tbe cessation of respiration. 

If the conclusions of the Commission are accepted in full without reserve, chloroform 
has no power of paralysing the heart ; one danger is removed, but it is replaced by one as great 
in every respect, paralysis of the vaso motor centre. This may set in very suddenly, with 
hardly any waniing ; it is as fur beyond treatment ns cardiac paralysis, and it is as fatal. If 
the cardiac paralysis from chloroform does not exist, vaso motor paralysis must have been the 
cause of the numerous deaths recorded against chloroform ; and how sudden and irremediable 
this is the reports of fatal cases abundantly testify. 

When death occurs from vaso motor paralysis it is clearly imaginable that the vaso 
motor centre may bo hopelessly damaged or rapidly reaching that stage, while the pulse is still 
present and the heart attempting to keep up the pressure. 8o that for some seconds there may 
be a deceptive condition in which both pulse and respiration are present, yet a fatal termination 
is imminent. Tliat this death from vaso motor paralysis does occur in man is shown by the 
very rapid running pulse mentioned in some cases as preceding the fatal termination. 

The extensive experiments of the Commission have left the chloroform question in the 
following condition : It was not found possible to directly paralyse or affect the heart by 
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ohkmrfbcm in some 600 adminiatratioiis. Death from ohloiofonn is due apparently to paxalysvi 
of the Tiso motor and respiiatoiy centres — ^probably one or both of these may be affooted. 
When death oocnn it is toe result of an overdose toe drag. 

It cannot be too strongly insisted that toe work of the Commission gives ns no greater 
confidence in chloroform than we had before. That it does not cause cardiac paralysis is no 
safeguard, since it produces as sudden and equally fatal vaso motor pamlysis, and respiratory 
paralysis in addition. Its physical and chemical properties remaining the same, the danger of 
permitting toe patient to inhale an overdose will remain as groat as ever. 

In toe Practical Conclusions no directions are given for its administration beyond those 
which have been in use for years, and in the presence of which many fatalities have occurred, 
either from vaso motor, cardiac or respiratory paralysis. 

In the face of these it is hardly to be expected that the deaths from chloroform will 
much diminish. 

[The Hyderabad CommisKion has provcui that tlu' solo duly of tlio 
Chloroformist is to produce normal anmstliosia. and wo ap*oo with Mr. Alexan- 
der Wilson that this duty includes koei)inf2: “ Inmstdr in touch with the whole 
condition of the patient all through the opt'ratioir'. Hut kc('])ing in touch 
with the patient’s condition is a very diflenmt thing from taking the jinlso as 
a guide to the effect of chloroform, for the simph^ n^ason that tlu^ l>tdsi» affords 
no indications whatever of normal amosthesia. The pnlst* is dangiToUbly affect- 
ed by abnormal chloroform administration ; and abnormal inhalation alone* 
can originate the deadly symptoms of j)cril for whiedi Mr. Wilson wateli(‘H it.] 


ARTICLE BY Srne.Eov.MA.ion E. LAWRIE. 

[Ifrprintcd from the Medical tjhroniclv' of Jana ary 1891. J 

In toe Medical Chronicle of Februaiy, ISfO, there is an uhly written review of toe 
Hyderabad Commission's rejiort on “ ('hloroform,*’ signetl “ Aloxan<h‘r Wilson," The re\iew 
ends thus Increased knowledge has addeel nothing to the direct lonf for its" [chloro- 
form’s] administration.*’ 1 hope that on reconsideration Mr. Wilson will see fit to modify 
this statement, which is inconsistent with fact. 

The Hyderabad Commission was appointed to confirm or disprove Same’s and Himpson’s 
principles that we should be guided as to the effect of chloroform entirely by the respiration. 
The Commission has not only proved that these principles are sound, but has also proved 
toat toe art of administering chloroform with safety consists in keeping toe breathing 
ftosolnleiy leguhur toronghont toe inhalation. This proof is new, and has never been eafaiUitoed 



before. As as I am aware there is no text-book on snrgery of the present day, except 
Sir Joseph Lister’s article in Holmes’s Surgery,” that does not recommend that the pulse 
as well as the respiration should be watched for signs of the effect of chloroform, and it is new 
to prove, as the Hyderabad Commission has proved, that to watch the pulse at all is both wrong 
and dangerous. 

The photograph of two original tracings of Experiment No. 186 which accompanies this 
paper demonstrates the futility of attention to the pulse in chloroform administration. For 
example, in Tracing III., Ludwig, though the pulse of the dog experimented on was appar 
rently much better at 2 hours 55 minutes than at 2 hours 54 minutes, it was not really so. 
Dr. Gaskell has shown that when the blood-pressure is high the pulse must necessarily be 
better than when the blood-pressure is low. The pressure at 2 hours 54 minutes was much 
higher than at 2 hours 55 minutes, and the pulse was therefore in reality better in proportion, 
though it was smaller in the tracing.’’ On the other hand, the danger of waiting for signs in 
the pulse of failure of the heart under chloroform is well shown in the Tracing IV., Ludwig, 
at the end of which the failure of the pulse at 3 hours 19 minuies 15 seconds, was a sign of 
impending death. 

The two tracings demonstrate all that it is possible to know regarding the safe adminis- 
tration of chloroform, and are well worth careful examination. (Everything which occurred in 
the experiments was marked and recorded on the tracings as the drum revolved, and nothing 
except what is writkm in red inkf was added afterwards.) The most remarkable points they 
exhibit are (a) the uniformly gradual and regular full of blood-pressure which occurs when 
chloroform is administered in such a way that the breathing is perfectly regular, and (/») the 
entire absence of danger if the administration is stopped when the animal or patient is “ under”. 
Formerly wo were told that chloroform lowers the blood-pressure ; that this in itself shows that 
its administration is dangerous ; and that occasionally the fall is so unexpected and capricious 
as to produce sudden death by stoppage of the heart. The Hyderabad Commission has shown 
(1) that the lowering of the blood-pressure, which chloroform and all onscsthetics cause when 
efficiently administered, is in itself a harmless event, if the respiration alone be attended to and 
taken as a guide, and if the administration bo stopped when the patient is fully anaesthetised ; 
and (2) that the sudden falls of pressure which Uie Glasgow Committee asserted are dangerous, 
and attributed to chloroform, are due to stimulation of the vagus, and, by slowing the circula- 
tion, are a safeguard against overdosing. The Hyderabad Commission has further proved that 
all irregularities in the fall of the blood-jiressure and in the circulation under chloroform, in- 
cluding such an irregularity as dilatation of the heart, which never occurs when chloroform is 
administered properly, are due to improper administration, with irregular breathing and in- 
sufficient air. 

There is no loophole of escape for the opponents of principles which Syme long ago 
showed to be essential for safety in the administration of chloroform. Tracings 3 and 4 of Ex- 
periment No. 186 of March 6th, 1890, were not produced accidentally, but are examples of what 


[* This Btatemsot is open to oorreotaioB.] 
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happens in every case of chloroform inhalation mthontezoeptioni whether in man or in afiimalfiy 
where the breathing is perfectly regular. Any one who is taught to give chloroform in the 
right way can obtain the same sequence of events clinically, which the tracings pourtray experi- 
mentally ; and 1 undertake to produce them invariably in any laboratory or operating room in the 
world. My students do it hero every day, and if we can do it anybody can do it The irregula- 
rities in the tracings of the Glasgow Committee, and Professor Maowilliam's more recent bogey 
of dilatation of the heart, are due to obstruction of the circulation in the lungs through interference 
with, or irregularity of, the respiration. The proof of this is furnished by the experimenters 
themselves. The Glasgow Committee state that in their experiments the antesthetio was ad- 
ministered in a cloth, saturated icith chloroform^ helil over the face, with insufficient air. 
In Professor Macwilliam's oxjx'rimeiitb the chloroform wnis pumped into the lungs wdth bellows. 
Professor Macwilliam states that only a certain iK»rcentago of chlorofonn, 1 to Ti j)er cent., was 
allowed to g(d into the air, in the expi'riments ho porforme<l in this manner. Before we can 
accept his conclusions, however, he i'^ hound to denumstrato that air containing from 1 to 5 per 
cent, of chloroform, blown into the tnichoa with bellows, is incapable of producing obstruction 
of the circulation or re^pimtion in the lungs, i^b.striicted circulation in the lungs and a 
rapidly fulling blood-pre^bure are more than enough to account for the dilatation of the 
whole heart, which occurretl in his experiments and which ho wrongly attrihut^nl to the direct 
action of chloroform. It is amn*'iiig to contrast l*roh*.s.sor Macwilliam s statc^monts regarding 
the danger of dilatation from the direct action of chlorofonn on the heart in the laboratory 
with Dr. dames Dunlop's clinical experience, ns narrates I in Tht Auau/ of Sopternhor 27Ui, 
that in topical cases of death from the direct uctitJii of chloroform ilio heart is empty imd 
flaccid. Perhajis Mr. Alexan<lt*r WiUon will ussi»rt that Proh'ssor Maewilliain's statements “are 
only a little fuller and more compb'te " than i>r. Dunlo[>'s, and that they are “ not inoompa- 
tilde,'’ whic'h is the ^iew he takes ol Krich'^enV teaching that the pulse should always bo taken 
os a guide, and S}Tne's teaching that it should never 1k) taken as a guide in chloroform 
udmiuibinition. 


1 am satisfietl to leave the question of <‘hloroform a<lministndion to the judgment of 
the readers of the Mr.nu al (’hio^nh i,» . I have alwass uiulcrstootl that, next to saving life, 
the prevention and ndief of pain ar<» among the mo.st iin|K>rnint duties of our profession. 
According to the teaching of the Hydenihati Commission, puiii may safidy Im prevented and 
relieved with chlorolorm hy any intelligent and properly taught iinslieal fiructitiouer; and there 
can be no <|ut*stion that every medi<*ai man ought to he able to gi\e a dose of chloroform 
with as much j)r(*cision ainl certainty a dost' of mcrphinc, or of any other j/oison. The 
practiad outcome of the disastrous t«*jiching ol the < ihi'^gow Committee, hackiMl up by Professoni 
Wood and Macwilliam, i.s that the relief of jmin hy chloroform is to laj hande<i over to special- 
ists, who alone are to administer it, though their own declarations and statistics show tliat they 
cannot give it with safety. Exactly in prujKirtion as this Umtdiing guii\s ground the bulk of the 
profession suffers loss in credit and in pocket, and the a<lvantages chloroform confers are most 
seriously restricted and curtailed. Tiiere is no more necessity for the anmstbetist, with his inhaler 
and other apparatus, than for a hypodermic morphia injectionisi, or other poisonist. If the 
4S 
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EinsMtheiist is io be tolemted hereafter at all, it must be because he is a man of pleasant preaenoe 
mi sheerftd cotmtenanoe, who knows how to comfort and re-assnre the patient until bhlofufonn 
obliTion is secured. 


ARTICLE REPRINTED FROM THE MEDICAL CHRONICLE 

OF FEBRUARY 1891. 

By JOHN A. MACWILLIAM, m.d., 

Professor of the Institutes of Medicine in the University of Aberdeen. 

In the Medical Chronicle of January, 1891, Surgeon-Major Lawrie, in an article on the 
Hyderabad Chloroform Commission, makes some comments on certain results obtained by me in 
a recent investigation on the action of chloroform and ether, published in the British Medical 
Journal^ October 11th, 18th, and 2r)th, 1890. In my paper I described the frequent occurrence 
of dilatation of the whole heart under the influence of anjpsthetic doses of chloroform. Such 
dilatation was not duo to changf5S in the pulmonary circuit or to a fall of arterial pressure. 

Dr. Lawrie urges that the cardiac dilatation was due to obstruction of the circulation in 
the lungs, or to this along with a fall in the blood-pressure. He says : “ The irregularities in 
the tracings of the Glasgow (^ommittee and Professor Macwilliam’s more recent bogey of dilata^ 
tion of the heart, are duo io obstruction of the circulation in the lungs through interference with 
or irregularity of the resiunition.” And later : “ Obstructed circulation in the lungs and a 
rapid Ij^falling blood-pn'ssuro are more than enough to account for the dilatation of the whole 
heart, which occurred in his experiments, and which he wrongly attributed to the direct action 
of chloroform.’’ 

Now this hypothesis of Surgeon-Major Lawrie’s can be briefly and conclasively disposed 
of. There is an abundance of decisive evidence a>ailable. First, as regards the alleged influ- 
ence of obstruction of the circulation in the lungs in causing dilatation of the heart. In my paper 
in the British Medical Journal J stated the fact that such an explanation was incompetent to 
explain the cardiac condition, since the whole onjan was dilated in my experiments. Dilatation 
of the right side of the heart might conceivably (if there were no evidence to the contrary) 
be accounted for by the presence of pulmonary obstruction. But dilatation of the left side 
the left auricle) could clearly not be accounted for in the same way, since pulmonary 
obstruction necessarily diminishes in largo measure the flow of blood into the left auricle and 
this part liecomes small and collapsed. This seemed so obvious to me that 1 did not discuss the 
matter at any great length. 

1 shall now state briefly some facts in regard to Surgeon-Major Lawrie’s hjrpothesis of 
obstructed circulation in the lungs : — 

(1) There is no proof whatever of the ocourrenoe of pulmonaiy obstruction from (he 
administration in mammals of onssf^thetio doses of ohloroform suffioiently diluted with oir^ as 
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WB8 ibe caae in my ezperimfiniBi the amount of chlorofonn vapour in the air never exceeding 
four per cent. 

(2) On the other hand, there is decLdve proof that pulmonary obstruction was not 
present in my experiments. Obstruction of the circulation would necessarily cause distension 
of the pulmonary artery as well as, and indeed earlier than, distension of the right heart The 
pulmonary artery would become large and tense in consequence of the increased peripheral 
resistance to the outflow of blood from that vessel. Then the increased tension would react 
upon the right heart and cause distension there also. But in my ex{»eriments t/iere vxu no 
distension of the pulmonary artery durina the administration of chloroform. The vessel did not 
become distended ; it was soft and compressible, and the tension within it was low. It is quite 
certain then that pulmonary obstruction could not have been the cause of the dilatation even of 
the right side of the heart. 

(3) Even if pulmonary obstruction had been present — as was not the oase«»suoh 
obstruction could not have produced the condition which I describtKl, or an^ihing at all 
similar to it. 

I have on various occasions purposely brought about a condition of pulmonary obstruo- 
tion by mechanical means with a view to studying the features of this condition. This I did 
by injecting into one of the great systemic >oiuh some jMirticulate hulwtnnce, e.y., lycopodium 
powder, wdiioh would cause embolism of the pulmonary vessels, and so obstruct the circulation 
in the lungs. When such a sutetanco is injectcMi into the vein it nipidly passes through the 
right heart into the j)ulmonarv vessids, s[)eedily cruising more or less extensive and sudden 
obstruction of the pulmonary circulation, according to the amount and suddenness of the 
injection. 

The effects resulting from the plugging of the minute jmlmonarv veswds imluced in this 
way are very noteworthy, and illustrate dourly the conso<jucnccs of ohst ruction of tlie circular 
tion in the lungs. Th<» pulmonary artery s\%ells up and hecomos largely distended, while at 
the same time the vesstd feels hanl and teiiM! to the ttuich ; the pressure within the vessel is 
greatly elevated. The right ventricle and tlie right auricle then partake in the condition of dis- 
tension, being unable to discharge their contents in the normal fashion in face of the greatly 
augmented resistance in front. The lungn ls*conn* pie and anzi'mic. Meanwhile, It is im|)ortant 
to observ’e that the left auricle b<*comes small and cullapsod-looking, in con.sfHjuenco of the 
obstacle oflered to the pssfige of the blood thnnigh the lungs. Strong respiniUjrj' efforts, with 
convulsions of the asphyxial typ (accompnied by spasmodic contraction of the systemic 
arteries) supervene in consotjuence of the stopjmge of the n^spiratory j»urifi(*ution of the blood ; 
the medullary centres become violently stimulated by the venous cluinioter of the blood. 
Death speedily follows. 

It is unnecessary to enter closely into a comprison, or rather contrait, of the typical 
illustration of pulmonary obstruction here afforded, and the condition of cardiac dilatation which 
1 have described as occurring under the influence of chloroform. It is obvious that obstroctiofi 
of the circulation in the lungs produces changes strikingly different from those that lesolt from 
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iilie action of chloroform ; and that the hypothesis of pulmonary obstmction may at once be 
dismissed as entirely insufficient and inapplicable, as far as an explanation of the cardiac 
dilatation occurring under chloroform is concerned. 

Seeing that it is easy to dispose of the question of pulmonary obstruction in regaid to 
the effects of chloroform upon the heart, I shall now advert briefly to the possibility of cardiac 
dilatation being dependent on a rapidly falling blood-pressure, as alleged by Dr. Lawrie. This 
is a matter which I carefully considered in my paper, and in regard to which I was able to state 
definitely that the cardiac dilatation is nat due to a fall of blood-pressure. This is conolusively 
proved by the following facts ; — “ (1) Dilatation of the heart does not by any means always 
run parallel to the fall of pressure which ordinarily results from the administration of chloroform. 
Sometimes there is a very marked fall of pressure, with little or no dilatation of the heart ; 
while at other times the heart begins to dilate before the pressure begins to fall. (2) Moreover, 
the heart in some instances begins to dilate during the temporary rise of pressure which at times 
precedes the fall. (3) Further, there may be distinct dilatation of the heart without any change 
of pressure at all. (4) Jjasily, it can easily be shown that a simple fall of pressure, equal in 
amount to that which ordinarily occurs under chloroform, induced by means whicjh do not 
directly affect the heart (^.^., section of a vaso motor nerve, hsemorrhage, etc.)^ does not cause 
dilatation of the organ as chloroform does,” 

It is clear, then, that the dilatation of the heart brought about by chloroform cannot l)e 
due to obstruction of the circulation in the lungs, or to a fall of systemic })loo(l-pressure ; it 
must result from a depressing influence exerted by the antcsihetic on the organ (1) directly, or 
(2) through the vagus nerves. 

Finally, os this depressing influence, loading to dilatation, is readily manifested after 
section of both vagi, it is obvious that chloroform must act ui>on the heart directly. 

I cannot help feeling that even a comparatively slight amount of actual observation of 
the features and results of a simple low(Ting of the blood-prc^^sure and of real pulmonary 
obstruction would have prevented Surgeon-Major I^awrie from ])utting ibrward and adhering 
to such a hypothesis as I have hero discussed, — a hypothesis at once insufficient, absolutely 
untenable, and in conflict with large and somewhat elementary facts in the physiology of 
the circulation. 


ARTICLE BY Subgeon-Majob EDWARD LAWRIE. 

[Eeprinted from the Medical Chronicle of May 1891.] 

OONTBOVERSIBS on medical topics, even where great principles are involved, are apt to 
degenerate into mere word"*quibbling or wrangling. 1 shall endeavour in the present article 
on chloroform to conduct the discussion between the Hyderabad Commission and Professor 
Maowilliam into a channel of agreement which will interest the whole profession, by whose 
judgment the question in dispute must ultimately be decided. 
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I have stated (vide The Lancet for June 21»i» 2890), and still state that a prohaUe 
cause of cardiac dilatation, when chloroform is pumped into tho lungs with bellows; is 
pulmonary stasis. This statement is made on the authority of th^^ greatest physiologists in 
the world — Professors Michael Foster and Graskell. In 1879 tho Glasgow Committee attributed 
cardiac dilatation to pulmonary obstruction ; in 1890 tliey ascril)ed it to [paralysis of the 
heart ; and now Professor Macwilliam assorts that it must result from a depressing influence 
exerted directly by the anaesthetic on the heart, presumably as a muscle. It is remarkable 
that >vhile the Glasgow Committee and Professor Wood are as much opi>osed to Professor 
Macwilliam as we are, they are all three antagonistic to the Hyderabad Commission, but they 
are only linked by unenlightened fear of chloroform. 

The profound and irreconcilahle difFerenccs of opinion beween tho Glasgow Committee 
in 1879 and in 1890, and between the (thusgow (^ommittee and Professor Macwilliam, ere of no 
importance in this connection, as then* are st*rious soun^es of error in Professor Macwilliam *8 
experiments and conclusions, which reduce all his arguments about dilatation of tho heart to 
insignificance. 

Professor Macwilliam gives four facts, which he sjiys, prove conclusively that cardiac 
dilatation is not due to full of hlood-j>re‘'snre. Tliey are as follows : — 

“(I ) Hilatution of the lieart does not hy any means always run parallel to the full of 
pressure vhicli ordinarily results fnun the adininiMnition of <‘]ilon)rorm, Sometimes there is 
a ^erv inark<'d fall of pre^'siire, with little or no dilatiition of the heart : while at others tint 
heart l>egins to ililat<* hei(«r»' the ]»n*ssnr<* biggins tt* tall. Alon'over. the heart in some 

instances hegiiis to dilate tlurlng tin* temponiry of pressure w Inch at times pn>cedf»s the 
fall, (d) Further, then* ma\ he a distinct dilatation of tin* heart without any change of 
pressure at all. (A) it can eu'^ilN he shown that a simple fall of pn'ssun*, <s|uul in 

amount to that whieh ordinarily oeeiirs iiii'ler chh»rorurm, imlnced hy means which ilo not 
directly .'itYcrt tlie hf‘art Hortirui of a \aHo motor ne^^e, iKumorrlaigc, vVc.) docs not ouuso 

dilatation of the organ as chloroform do(*s.‘* 

ThcM* four facts, if factH they lie, distinctly prove that IVofessor Macwilliam’s results 
witli chloroform are not uniform. Sometimes one eths-t is priMliK isI, Hoim^times another. I 
shall demonstrate later that the irreguiarity his results was oaumsl hy the irr(5gulurity 
of, or iiiteiien»iico with, the respiration and tho norma) oxygenation of tho blood m his 
ex|>eriments. 

From Professor Macwdlliam’s first fact it is clear that dilatation is not failure of tho 
heart function, l*ecauM* it Is^ars no relation to the hhK)d-pn*Hsure. Fa(*t two sliows tliat dilatiu* 
tion is prolxihly the result of the rising pressure with whifdi it o<icurs, and this in its turn is 
the result of tho contraction of the small arteries stopping tho outflow of hlood. Professor 
Macw'illittmV thinl fact, that ‘‘ there may 1x5 a distinct <lilat;ition of tho heart without any 
change of pressure at ail is [xinaloxiciil. It is impossible to believe tliat blood-pressure can 
be maintained with a failing heart, seeing that the heart is the only source of pressure. If 
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hepjpt dilatation can really occur without fall of pressure, it must be a natural condition and 
harmleas. We have no right to expect the heart to do anything more than maintain pressoxe 
in the aorta. That is its sole function, and if pressure be maintained the heart cannot be said 
to fail. Professor Macwilliam’s description of rhythmical dilatation is also very suspicious. If 
the dilatation were due to the chloroform action on the heart muscle it would assuredly go on 
increasing to the end. Professor Maowilliam assumes dilatation to exist because his base line rises 
whereas a rise of base line might be produced by anything that raised the heart as a whole. 
The entire arrangement is so artificial that it is very difficult to accept any of his results, or to 
believe that he can make all his levers and tambours, six in number, work in the perfect way 
he describes, and at the same time that ho can watch the condition of the pulmonary artery so 
narrowly (in the cat !) as to be able to assert that it was soft and compressible, and that the 
pressure within it was low.* The fourth fact is meaningless. No one would expect the heart 
to dilate with loss of blood. In bleeding, the blood is removed from the arteries and stored 
outside the body. By chloroform poisoning blood is not lost, but is removed from the 
arteries, the pressure falling in consequence, and stored in the veins, perhaps in the heart 
itself. Granting, however, that Professor Macwilliam’s cardiac dilatation is real, its depressing 
influence is a pure assumption and is opposed to the very facts on which he relies to prove his 
case. 

The truth is that the Glasgow tbmmittee in 1«711, and Professor IVIacwilliam in 1890, 
drew conclusions from an inadequate number of experiments. The Glasgow Gommittee made 
their observations on less than half a d)zeu animals ; Professor Macwilliam made his on 75 cats. 
Just as the Hyderabad (Wmission and Professor Macwilliam have shown that the fall of 
pressure, which the Glasgow Gommittee considered dangerous in chloroform administration, is 
harmless, and may bo a safeguard, so some future observer will show that Professor Macwilliam’s 
cardiac dilatation is not only harmless but is a safeguard also. It w^ould not be surprising if 
Professor Macwilliam’s dilatation of the heart turns out in this way to bo an important 
physiological discovery of the same kind us J>r. Bomford’s discovery of the safeguard action of 
the vagus nerve. It is likely enough that the whole >ascular system is relaxed by chloroform, 
including tiie walls of the heart. Giider stich circumstances the safeguard action of dilatation 
may consist in an nrningement to allow the blood naturally to collect in the heart, which is 
the best place for it, ready to be pumped into the aorta at a moment’s notice, and so restore the 
pressure. Suppose the heart is comj)letely relaxed by chloroform, as the systemic muscles are, 
it will go on again if respiration is kept up. In any case thea^ is no danger clinically from 
cardiac dilatation in chloroform inhalation. Clinical results cannot be accepted only when they 
favour the view that chloroform is dangerous. Probably as much chloroform is used in India 
as in the whole of Europe, and we ha\ e no eviilence of dilatation of tlie heart, as a dangerous « 
eflfeot of chloroform, from one end of <ho year to the other. 

The Hyderabad Commission did not discover the key to the safe administration of chlo» 
roform, until they had made obser\*ations upon 565 animals and had rc»ached their 148th mano- 
meter experiment. The tracings of this experiment are produced here, and ought to be corn- 
pared wi^ the tracings of the experiment of March 6th, 1890, which were so beautifully engraved 
in the January number of the Medical Chronicle. In experiment No. 148 chloixtfonit was al 
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fint giren freely on a cap, held close over the animars monfli and nose. Every time Dr* 
Bnmion gave the signal to give chloroform, the cap was immediately held over the fitoe, and 
the animal straggled, and held its breath, and gasped. The biood^pressure fell with extreme 
rapidity and irregnlarity, on each of the foar occasions, when ohjoioform was given in this way 
between 2h. 50m. Os. and 3h. 11m. Os. After the fourth administration, at 3h* 11m. Os., I 
warned the chloroformist to hold the cap some distance from the face, and allow the animal 
to breathe regularly. This was done at the next inhalation at 3h. 17m. Os., and the contrast 
with the previous administrations was so marked, that Dr. Brunton thought the chloroformist 
was playing tricks, and said “ You are not giving the chloroform.*’ There was no struggling, 
holding of the breath, or irregular breathing, and no irregularity either of the fall of blood- 
pressure, or of the circulation. On the contrary, the tracing was perfectly regular, and the 
obsen’ation at Fick 7 shows absolute regularity of the pulse. These observations wore repeated 
daring the experiment with the same result. 

From experiment 148, when the clue wa> obtained, until the end of the research, the 
Hyderabad Commission gnulually workotl out to a satisfactory conclusion the problem of the 
safe administration of chloroform. We discovered that it is ponsible to give chloroform in such 
a way as to protluco invariably uniform results. It uas fouiul that, in chloroform inhalation, if 
the breathing lie kept j»erl‘<H'tly regular, the fall of the bloo(l-j>mssnre, fli(» action of the heart, 
and the circulation will he jH‘rfcctly rc;»ular also : and uiulcr these circumstances it is impoe- 
sihle to overdose the animal, unlens the admiuMnition is continuetl jifter full amesthesia is 
produced. Any irregularity in tiny of these partiiuilars in chloroform inhalation indimtes a 
corresponding irroguhirity of, or interference with, the n^spinition and the normal oxygenation 
of the blood: and it is difticult to imagine a greater irn»gulanty of respiration than is involved 
in pumping chloroform into the lungs with Indlows as was done in Professor Macwilliam’s 
experiments. We were ahh» to demonstrate that it is in the very highest degre(» dangerous to 
administer chloroform to an .animal while the hreafhing is irregular, particularly if there 
be struggling or holding ol the hreuth. When either <»f these untoward events occurs, the 
animal may he forced to ga.s[) in chloroform at an ahnonnal rale, and irnuiUKliahle overdosing 
may take place, without warning, at any moment. 

The results arrived at h\ the Hydeniluid i 'ommi'^sion (correspond preeiwdy with those 
obtained clinically. I have now given chloroform for more than a year, on the lines indicated 
by the Commission, wdth absolute uniformity. In th(‘ human huhj(*ct, us in animals, so long as 
the breathing is perfectly regular and the inhalation is stop|M*d in good time, there is no danger 
whatever in pushing chloroform until full ana*sthesia is produced. But it Is exf!essiv(dy danger- 
ous to administer chloroform to a struggling jiatient, or if thi* patient's hrejithing is irregular, 
or to give it in such a way us to make him bold his breath. Hence the rulec— which is now 
enforced here without exception — that, if the patient struggles or breathes irregularly, or holds 
his breath, the chloroform cap must I)e entirely removed, and the patient must be made to take 
a breath of fresh air before the administration is proceeded with. 

The Hyderabad Commission do not pretend to have done more with regard to ohlofo* 
form than test its suitabilUy and safety as an anamthetio. They have shown how it eon be 
adreinisfatred wHh uniform safety, and that Hs administration is surnmnded with natural lafo- 
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guards ; andflihi^^ experimental data oorrespond with clinical experience. The immtmify from 
finalities enjoyed! by Syme and by hundreds of his pupils, in whose practice deaths from chloro- 
form have been altogether exceptional, and amount to nothing like the London statistics of 1 
death in every 1,286 administrations,^ cannot be set aside as accidental or due to chance. 
Professor Macwilliam’s present position is untenable, and his theory that dilatation of ihe heart 
is fk danger of chloroform, and that therefore the pulse must be watched during its inhalatiouf 
has received its death-blow from one of his own supporters. In Tfve Lancet for December 13th, 
1890, Dr. Dudley Buxton describes a method of chloroform administration, in which feeling 
the pulse and taking it as a guide is an essential principle. This method causes, according to its 
author, general feebleness of the circulation with “ distinct and unmistakable cardiac enfeeble- 
ment,” which “ is progressive, and likely, it has appeared to me in more than one case, to end 
in cardiac syncope unless prompt and vigorous measures were used.” Dr. Buxton goes on to 
state that the anatomical counterpart of this faulty method is to bo found in the relaxation and 
dilatation of the heart in Professor Macwilliam’s experiments. It is probably true that Professor 
Macwilliam’s exporimenial data correspond, as Dr. Dudley Buxton says they do, with “ the 
procession of events which one has encouniorod again and again in the operating theatre,” but 
there is little doubt that this agreement between the two is eqiuilly damaging to both, no less 
so to Professor Macwilliam’s experimental methods than to Dr. Dudley Buxton’s plan of 
giving chloroform. 

The Hyderabad Commission takes its sbind on the fact brought out by its own experi- 
ments, and since verilied clinically, ihat the only way io keep the pulse regular under chloroform 
is to keep the breathing regular. This nMjuires till the unceasing skill, cjiro, and attention of 
the chloroformisi , Chloroform is ailminist<u‘ed in practice by inhalation. If the breathing 
is regular the anaesthetic will b(? inhaled in regular qutintities ; regular breathing constitutes 
in reality the only reliable nieaiis of measuring the dose ; and no capricious or irregular etiects 
can be produced on the circulation or the pulse. If the breathing is irregular, the chloroform 
will bo inhaled in irregular quantities, which will gi\e rise to irregularities of the circulation 
and of the pulse, and danger will always be imminent. It is obvious that without special risk 
to the patient the pulse cannot be taken us a guide by which danger can be averted under chlo- 
roform. Failure of the pulse indicates heart-fail ure,t and is a sign, liive pallor of the face and 
dilatation of the pupil, that a dangerous st4ige has already been reached; and danger in chloro- 
form inhalation implies improper administnition and ovenlosing, either from irregularity of 
the breathing or from the amnsthetic having been j)ushed too far. Tho>e who take the pulse 
as a guide unconsciously allow “ distinct and unmistakable cardiac enfeeblement to occur, and 
then proceed to rescue the patient by prompt and vigorous measures." The Hyderabad Com- 
mission seeks to entirely avert danger in chloroform administration by keeping the breathing 
regular, which is the only possible way of protecting the heart and circulation. In short, the 
object of the chloroformist must be to give chloroform in such a way that danger can never 

♦ Vide Mr. Uoger Willium’ii letter in The Lancet of February 8th, 1880. 

[t There is one exception to this rule. Failure of Uie pulse and sudden {mllor may indicate inhibition of the heart’s 
action through stimulation of the vagus. These symptoms are in themselves harmless, and arc unquestionably a safeguard; 
but the mere fact that the safeguard action of the vagus is brought into play is dangerous, as it shows that the anieethetic 
has been improperly administered with insufficient air ; and it demands the immediate employment of artlftoial le^pimtion.] 
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axte; and ibis object can be attained by any intellig^t medioalttaa who ohooaaa to ibBo# 
implicitly the teadi^ of the Hydeiabad OommuBiQii. The matter oui^ howerer, veiy omOj 
b^ broagbt to the proof. On the &ois established by the Hyderabad OommissioD, I dudleiige 
the Glasgow Oommittee, or Professor Wood or Professor Maowilfiaiii, to prodooe either aa 
irregular traoe or a dangerous dilatation of the heart with dilorofonn, brfore stoppage of 
tbe respiration, in any a nimal whose breathing is normal and regular througl^ut the 
administration. 


ARTICLE BY PATRICK HEHIR, m.d., p.r.c.8.e. 

Surgeon, Bengal Medical Service; President, First Hyderabad Chloroform OommiMion. 

[Reprinted from the Medical Chronicle of June 1891 .] 

The various, discrepant and irreconcilable opinions recently expressed in medical 
periodicals regarding the question as to the right method of inducing chloroform anaosthesia 
in the human being, indicate that even the highest authorities on the subject entertain almost 
opposite views. These opinions have poured in from all quarters during the last twelve monthSi 
that is, since the publication of the Report of the Second Hyderabad Chloroform Commission* 
When we consider that it is this very difference of opinion in regard to the proper method of 
producing insensibility by inhalation of chloroform vapour (in other words, that it is the varia- 
tions in the way of administering it) that lies at the foundation of the great disparity of 
mortality statistics from chloroform ansesthesia, we must admit that the question itself is a most 
momentous one, and one that might with credit to the profession be removed from its present 
equivocal basis. 

The history of the origin of the Hyderabad Chlorofonn ( commission is too well known 
to require any farther explanation here beyond that of stating that the object in view was to 
show that the principles upon which the late Professor Syme administered chloroform were 
sound and reliable. We cannot be too frequently reminded as to what these principles are i 
** Free admixture of air with the vapour of chloroform, which is ensured by using some soft| 
porous material, as a towel or lint, presenting a large surface; no stint in the quantity of 
chloroform given; watch the respiration.”* He considered that there was never any occasion 
to feel the pulse or examine the heart either before or during anawtbesia. 

The main practical points brought out by the Hyderabad Chloroform Commissions, 
were: (1) that primary caxdiac syncope during chloroformisation does not occur, and (2) that 
the respiration is the only safe guide to the effect of chloroform. In the report of the First 
Hyderabad Chlorofonn Commission we made the following statement: t In no case did car* 
disc ^cope occur. The Commisuon considers that it is impossible for chloroform vapour to 
kill a dog hy acting primarily on the heart, and this holds good no matter in what doses or 
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in wbat mann^ the ansdstheBia is induced. Death from primary cardiac syncope never took 
place/’ Further, With regard to the anassthesia produced by chloroform in dogs, once in<^ 
sensibility is brought about, so long as respiration is kept up, there is no fear of a cumulatiYe 
effect, the drug is rapidly eliminated. Interference with this eliminative process brings about 
changes in the respiratory mechanism, which ought to arouse suspicion and prepare us for arti- 
ficial respiration. The keenest watchfulness of the respiration was indispensable from the begin- 
ning to the close of chloroformisation, if safety was to be guaranteed.” I am thoroughly 
convinced that the same remarks hold good with regard to chloroform anaesthesia in the 
human being. 

These conclusions were arrived at from simple observation, and record of the pheno- 
mena occurring during the chloroformisation of dogs. They were adequately substantiated, 
supplemented and placed on a scientific foundation by the experiments of the Second Hydera- 
bad Chloroform ( ommission, and have not, as far as 1 have been able to glean from the various 
discussions that have arisen on the question, been as yet successfully controverted. 

Before the conclusions of the Second Hyderabad Chloroform fJommission were made 
known, the fact that respiration is always affected before the heart caused the most scrupulous 
attention to be paid by the adherents of Syme’s principles to the condition of the former during 
chloroform anaesthesia, and it was found that if the respiration ceased, which it occasionally did, 
there was always time to restore the patient by artificial respiration. Under this old system of 
administration, in all probability overdosing with the vapour not unfrecjuently took place, but 
the rapid elimination effected by the prompt artificial respiration, which was sometimes demand- 
ed, rendered the })atienl exempt from real danger, Surgeon-Major Jjawrie has gone a step be- 
yond his former teaching: he now removes the anaesthetic as soon as there is any impediment 
to the respiratory mechanism, beginning it again as soon as uniform breathing is re-established. 
He now insists on (1) chloroform being given in such a w^ay that the respiration is regular 
throughout the administration, and (2) the amvsthetic being entirely removed, and the patient 
taking a breath of fresh air if any struggling, holding of the breath, or irregular respiration 
occurs. The observance of this simple pnictical rule is an absolute saf(»guard against overdosing 
with chloroform vapour, and with this plan of administration it is difficult to imagine a death 
from chloroform inhalation taking place otherwise than under a combination of fortuitous 
circumstances, or as a purely accidental event. Formerly the respiration was watched for 
warnings whereby danger might bo arrested, now it is attended to in such a way that danger 
can never arise. 

One great lesson to be learnt from the results of the Second Hyderabad Chloroform 
Commission's experiments is that regularity of the respiration is to be maintained throughout 
the administration of chloroform, and that a continuance of the anaesthetic during any inter- 
ference with regular respiration is associated with danger. Previous to the announcement of the 
conclusions of the Second Commission, all those who give chloroform on the late Professor 
Syme's principles watched the respiration, knowing that when it became slialloW| embarrassedi 
or ceased, danger was to bo apprehended if prompt artificial rospiratioii was not resorted to; but 
noW| in addition to watching the respirationi it is incumbent on ns to the utmost degree possihle 
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io keep it regular. The maintenance of this regnlarify of breathing ia rightly inaiated upon by 
Burgeon-Major Lawrie^ and oonatitutea the key to the aofe administiatioa of the anaosthetio. 

The two occasions on which I haye experienced any danger in oonnection with ohloro» 
form administration were: — 

(1) In the case of a child years of age on whom the operation of circumcision was 
being performed. In the middle of the operation he began vomiting, and during a violent in* 
spiratory effort suddenly sucked a piece of guava about the size of an almond into the larynx* 
Respiration absolutely ceasedi and were it not that I had the good fortune to hook the piece of 
guava out with the finger (a process which must have taken about half a minute to carry out), 
the case must have been fatal if an opening were not made into the larynx. The operation was 
performed about 9 a,m., the mother having l)een previously told that the child was to have 
nothing but a little milk that morning before the ojH'ration, and as a matter of fact she did 
not know that the child had stolen into the pirden anti jmrtaken of guava. All through the 
period during which the lump of guava eftW^tually blocked up the rima ijhttidis^ my assistant 
informed me that the pulse boats wore rt'gular.* 

(2) The second case wa*^ one of phlegmonous erysifwdns of the scalp, into which latter 
incisions were to Iw niudt*. The man (an c»ld c]<»rk in the Ke>enue nefmrtment of His 
Highness the Nizam's (i(>\emriienf) wnn placed on th<' table, and my assistant was director! to 
give chlorofonn in the usual vay. 1 ^^as in an atl’o^ung ntni alotit ei^ht ynrtls off, and told 
the assistant to s<*nd in word when the patient was uniesthetisiMl. in about four minutes* time he 
rushed into the nxmi and said that the n spimtion had stopped. 1 found that it had ctmsed. 
The patient was restonvl by artifcial re^pimtion. In thi^ case, likewise*, the puls4^ was to be 
felt during the whole period <*f the c<**^H{ition of renpinition. This acc<irils with i*rofe8Sur ISyme’s 
principles, and with the experience of Isith Hyderabad Clil<»roform ( ommissions. 

My personal ex|K*rience with regard to the administmtion of chloroform is limited to 
about cases, yet in thes<*, it has Ihmmi gi\en under almost e\ery concci\al*le circumstance, 

but always according to the principles laid down by iVofessi^r Syme. In six caH«?» 1 Imve kept 
patients continuoasly umler chh»n>form fur o\er (wche lM*iirs, in three of puerpenil ecium{>sia, 
tw’o of tetanus, and one of hydrophobia ; an<l in one — that of stryclinino {K>isoni 2 g — for 

five hours. All these ras<*s except tliat of h\droph<ihia, nH»ovcred. In my student days I woi 
taught the administration of clilon)form on Hyme'n principles, and I Itave consistenily adhered 
to them during the last eleven years. 

1 have known Surgeon-Major loiwrie to give chlorofonn on these principles for 
the last fourteen years with jm rfect safety, and his ex|»fTien<‘e in this n*s|M*ct is probably unique* 
The late Professor Syme s and Surgeon-Major loiwrie s uniiiterniptiHl «<*ri<*s of cases without a 
smgle death form a monument of evidence in faxour of the princdplc^ ufK>n which they nave 
administered this anaesthetic. The students m:der Surgeon-Major Lawrie*s instructions give 

• A CMC prednelj f>iimUr to thf« on«, hot occumnff in an ailult, and terminating faUUy, was recx>rded ia tbs Madrtu 
MttU ia ISSS. Tbe coronars Teniict was death from ** accidental caoses *'• 
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and Beiideii^ Haq»iial% and I luMid 
the aMmaiMi that would be in no way dlflovadikUo to 

apeoial anssibeiists. 

To my reasoning, the whole theory of safe chloroformisation might be snmmed np in the 
aphorism-*-- pure chloroform^ waJtch the respiration and keep it regular. This may appear to be 
a most dogmatic assertion^ and coming from one with my meagre mq>erienoe may tinge of 
presumption. Still, 1 have given chloroform for over eleven years ; 1 have seen it given by 
Bnrgeon^Major Lawrie for many years, and 1 have worked with both the Hyderabad Chloro- 
form Commissions, and may on these grounds (daim to be in a position to express an opinion 
on the subject. 

In conclusion, I would state that the more widespread the knowledge of the late Profea- 
Bor Syme’s principles of chloroformisation, and the more universally they are put into practice, 
the greater will become the confidence of the profession in this much maligned ansBsthetic, and 
the fewer, I believe, will be the deaths under chloroform from ^ accidental causes/’ To 
Surgeon-Major Lawrie the profession is indebted for bis unswerving endeavours to restore 
chloroform to its proper position amongst anassthetic agents. 


ARTICLE BY Surgeon-Major EDWARD LAWRIE, 

President of the Hyderabad Chloroform Commission. 

[Reprinted from the ** British Medical Journal ’’ of June 13/A 1891.] 

Thb British Medical Journal has performed a signal service to the Hyderabad Commis- 
sion in placing before the profession Dr. Jolliard’s views on chloroform and ether. Dr. Jolliard 
had a death with Chloroform. Then instead of learning to give it safely he took, apparently 
with great reluctance, to ether. He has now learned to give ether safely and minimise'^ its 
disadvantages by giving morphia. People who have been taught to give chloroform with 
safety are not likely to follow his example. Moreover the leading article in the Journal of 
April 25th, 1891, is incomplete, and ought to have included the London statistics so opportunely 
brought forward by Mr. Roger Williams in Tike Lancet of February the 8th, 1890. 

According to Dr. Julliard’s statistics, deaths from chloroform amount to 1 in 3,258 and 
from ether to 1 in li,987 administrations. According to Mr. Roger Williams the statistics of 
the London hospitals show that deaths from chloroform amount to 1 in 1,236 and from ether 
to, in 2,754 administrations. On the other hand, the statistics of chloroform administered on 
S 3 rme*s principles form an unbroken accord of inhalations from 1848 to 1891 withouta death. The 
British Medical Journal regards Dr. Julliard’s figures as a most valuable statistical suminaiy,*’ 
but this summary would obviously be much more useful if it were aocompanied by a descrip- 
tion of the method of administration pursued in all the cases from whidi it is oompled. There 
are two distinct methods of chloroform administration in vogue. In one the pulse, as wdl as 
the respiration, is taken as a guide : in the otim, the pnlae is never, under any ebooiiislaaces, 



taken as a gaide^ and it is mmMfy imseasonaUe to aosapaia tib lUi af after and dblarolbiiii 
wiftout stathig with xegiurd to ofaloittform wluoh of ftese niethocb is einplojad The importanoa 
of this pomt Ues m fte tact that ftare is xiot one case of death from chlorofom recorded in 
which it is proved that the poise was not taken as a guide ; whereas in Hymens practice and in 
my own, where the pulse has never been taken as a guide, no death from chloroform has ever 
occurred. If the pulse is affected under chloroform it indicates cfalorofomi poisoning either 
direct or through abnormal respiration. All the chloroformist has to produce is normal 
ansBsthesia and of this the pulse can never be any test whatever. It is therefore positively 
dangerous and useless to take it as a guide. The following table places the available figures 
in a most striking light . — 

Mortalitff Statifties of Ether and Chloroform. 


Anesthetic employed. 

Source of St*tj<itic«. 

Tcriod, 

Number of deaths 
to ailiainiitra* 
tioni. 

1 

Chloroform Julliard 

Ether * .Tnlliard 

S Biirtholoinow’s Hospital (Ro- 
Chorofom ... j Willwin«) ... ... 

i Ikutholomew’s Hospital ( Ito- 
1 gvr WilliaiiiS; 

Chloroform Sj'mc and liSaTic 

Not stated 

Do. 

1 

► 10 years, 1878 to 1887... 

Do. 

i 

48 years 

1 to 8,268 

1 to 14,887 

1 to 1,286 

1 to 2,764 
No death. 



If statistics are of any value, this table ought to airry oonviotion with it because it shows 
clearly that chloroform administered on Same's principUw is even bws dangerous than ether 
administered in accordance with the most approved metbcsU. But the Hyderaliail Commission 
has no desire to institnte further compariHon** l»etwwn them. All we say is, let anybodv use 
ether who chooses, but if chloroform h to lie employed, let it 1 h' given in the right way. 
Surgery cannot yet do without chloroform, and the only way to give it with invariable safety 
is to be guided, as Syme was, not by the circulation, but entirely by the respiration. What 
Dr. Julliard says aljont ether I can say mutatm mvtafoli^ alx>ut chlorr>form. During fourteen 
out of the seventeen months * that have elafHc«d since the Ilyderalsui f/ommission demonstrated 
that the key to the safe administration of chloroform consists in regular breathing, 1 have given 
chloroform .several times daily. Not only have I not liiwl any deaths, but I have met with no 
accident of any kind. 1 have not once tuid ta do artificial respiration or to pull forward the 
tongue. Neither have I had to interrupt an operation in onler to ward off any accident due to 
chloroformisation. There is no element whatever either of luck or of chance about these results. 
Any surgeon cun administer chloroform without risk vho will take the trouble to assure himself 
that the patient’s breatliing is normal and regular throughout the administration, and to stop 
the inhalation in good time, directly full anaesthesia is pnidoctKi. Htatistics such as those of 
Dr. Julliard and Mr. Roger Willianui, which are intended to show the danger of chlorofomiy 
are, as my table proves, susceptible of a %ery different interpretation. If they help to prove 
anything, it is that no anaesthetic is absolutely safe except chloroform administered on Syme’s 
prindples, and the more proof we have of this kind the better. 


* For ifarse mooihs I wm ateai oa lflave/«»ln. L. 






\ LECTURE ON CHLOROFORM 

By SuBaEON-MAJOR EDWARD LAWRIE. 

Dr, Lawbis, President of the Hyderabad Chloroform Commission^ delivered a lecture on 
Qhloroform in the Grant Medical College, Bombay, on Monday, June 29th, 1891 before a large 
assembly of the medical profession. Surgeon-General Pinkerton, who presided, briefly introduced 
the lecturer, saying he had much pleasure in introducing Dr. Lawrie, of the Bengal Service, to 
them* He had come there that day to tell them about his experiments at Hyderabad. It was un- 
necessary for him (the chairman) to say much, as they would have read all that had been said on 
the subject, and Dr. Lawrie, he believed, was very anxious to give those who had taken it up a 
fair field and no favour. Thoroughly imbued with the results of his obser^^ations, he naturally 
wished to have the sympathy of all medical men, especially of all medical men in India. 
After Dr. Lawrie had given his views, he would be very glad if they discussed any point upon 
which they might differ, or which might not be clearly understood. 

Dr. Lawrie, who was received with applause, then proceeded with his lecture. He said : 

“ Mr. President, Ladies and Gentlemen,— Few people who have read the preliminary 
report of the Hyderabad Commission are aware of the real liberality and public si)irit displayed 
by the Nizam’s Government in issuing the Commission. His Highness’s Government paid 
Dr. Lauder Brunton a foe of £1,000. The Government also paid the whole of the expenses of 
the Commission, including a complete set of invaluable photograjdis of the tracings of the 
experiments, and entertained the Commission royally during thfdr stay in Hyderabad. In 
addition to this. Government defrayed the wdiole of the expenses connected with the report. 
Many people I have conversed with apjiear to think that it gave mo an immense amount of 
trouble, and that 1 had to employ a great deal of persuasion to get tlie t'ommis.vion appointed. 
Gentlemen, I never spoke to the Nizam but once about tlie appointmemt of the Commission. 
The Nizam is one of the cleverest men in India, and directly I explained to him what was want- 
ed he understood it exactly, and after a short conversation he said ho would issue orders for 
the Commission. It is needless for mo to say anything further regarding the extraordinary 
and unprecedenhul liberality and interest with which the Minister, Sir Asman Jah, and every 
member of His Highness’s Government, carried those orders into effect. 

“In 1855 Mr, Syme published a clinical lecture, in which he said ; ‘the points that we 
consider of the greatest im|)ortance in the administration of chloroform are, first, a free admix- 
ture of air with the vapour of the chloroform, to ensure which a soft porous material presenting a 
pretty large surface is employed, insU»ad of a small piece of lint or any apparatus held to 
the nose. If this is attended to, the more rapidly the chloroform is given the better till the effect 
is produced. Then, — and this is a most imjiortant point — we are guided as to the effect, 
not by the circulation, but entirely by the respiration. You never see anybody here 
with his finger on the pulse while chloroform is given. So soon os tlie breathing be- 
comes stertorous, we cease the administration.’ The Hyderabad Commission does not pretend 
to have done more with regard to chloroform than prove that S 3 rme’s principles are right, 
and 1 hope to be able to lay the proof clearly before you this evening. Notwithstanding 
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Syme’s tdaohing, two distinct methods of chlorofonn adiiiinistritio& niO) and always haT6 
been, practised* In one the pulse, as well as the respiration, is taken as a guidoi and deaths 
have been numerous. In the other, the pulse is nerer, under any circumstances, taken as a 
guide, and in Syme’s practice and in my own, extending over a period of forty-three years, 
no deaths from chloroform have ever occurred. In 1879 the British Medical Association 
appointed a Committee in Glasgow to experiment with anaesthetics* They made a limited 
number of observations on dogs and rabbits with self-recording apparatus, and they showed 
by tracings that chloroform lowers the blood-pressure, and that sometimes during chloroform 
inhalation the fall is unexpected and capricious. Tlie lowering of the blood-pressure the 
Glasgow Committee called the normal, but dangerous, eflTect of chloroform. The sudden falls 
with slowing of the heart indicated, in their ojanion, a ‘K)nrc‘e of extreme danger. The tracing 
and report of the exj)eriments of the Glasgow ('ommittiH' ap))eareil to demonstrate (1) that 
lowering of the blood-pre^i^^ure is due to weakening of the heart's action ; (2) that this effect 
is peculiar to chloroform and is never observed with ether ; and (3) that death may occur 
ol any time during chloroform inhalation by sudden stoppage of the heart. The terms * primary 
and secondary chloroform smeojw ’ crept into use ami sc*ttled themselves in the nomcmclature 
of medicine. The effect of the Glasgow Committee’s n»port was enormous, fur-rtmehing, 
and disii'^trous. No blame i^ to b<» attached to the Glasgow Committee, because they 
jmblished their tracings, and anybody is at lilnTty to form his own opinion about them. 
Having acceptetl them, ve made onrs<»hes just as much res|X)nsible for them as they 
were. No one stopj*t*(l to imjuin* vlu'tber a general tall ot bloo<l-presHure is lumnless 
or dangerous, or >^hetber the fall of blooil-prensun' registered in their ex])erimentii 
was due to direct weakening of the heart or not. Common sense was cast to the winds, 
and two erroneous principles became estublislaHi on a pseudoseientitic basis. is, that 

the pulse must 1m* lelt during ('hlorotorin administration, ami the other is, that ether is not 
only a safe anaesthetic, but i% under all circnm‘'taiic(‘s, a c*ardiuc stimulant. To such an amazing 
jjass lui\e the»»e two prim ij»lcs been pn*'h«sl that the public have been made to Indieve that 
feeling tho puUe i** a saU»guard in chlorolorm atlininistration, uml that it requires a 
sp(*cialist to Jo it. On tlie other hand, the blind and unfoinid«Hl lM»lief in (‘ther as a cardiac 
btimulaut has le<l to its emphiyinent liyjKMlerniicttlly in eas<»s of chIorofonn-|K)iMoniug, and 
even in ether-iioisoning itself. The clinical e\|M*rien<*e and statistics which tlie Lancet call- 
ed for after the Hyderabad ( ‘ommission’s re|)ort was published, have only brought out tho 
curious fact tliat all chloroform deaths now-a-<lays are |M>sHihly the result of liyfiodermic 
injections of ether, which is always resorted to as «oon as |)ossihle after symptoms of danger 
appear. It would Ik* just as wrong to give sulx'utaneous injections of ebioroform in ether* 
poisoning as to give buheutaneous injections of ether in clilorofonn-jxiisoning. 

**The report of the Glasgow CommitU*e wasaccejited by the whole profession as practi- 
cally final. 1 rememlier, w'hen it was puhlibbetl in 1879, 1 felt at first as if Syme’s position 
was no longer tenable. As time went on, however, and it was found that chloroform could 
still be given on SjTne’s principles with the same safety as before, I began to realise that there 
must be some in the experiments or conclusions of the Glasgow Committee, 

Accordingly in 1888 Sir Asman Jab, the Minister of Hyderabad^ sanctioned the 
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appcitdment W a Odmidssioii viHi Snrgeoa P. Hehir as prorident, to iwirA tart^ 
apariments with cUorofomu Dr. Hehir’s OommissuHi proved that in death fom 
chloroform the breathing always stops before the hearty and in his report he 
tibe original observation that as long as breathing is kept free there is no danger 
of a cumulative effect, and chloroform can be given with absolute safety. This oonclurimi was 
dot accepted by the profession. It led to a tardy discussion, and in 1889 His Highness the 
Nizam appointed another Commission. Through the enlightened liberality of ‘His Highness’s 
Oovemment, the Lancet sent out Dr Lauder Brunton to represent it on the Commission, and 
at the same time the Government of India deputed Surgeon-Major Bomford. His Highness’s 
Government was represented by Surgeon P. Hehir, Dr. Rustamji, and myself. No better 
selection could possibly have been made by the Lancet than Dr. Lauder Brunton. He came 
out to India thoroughly convinced that chloroform paralyses the heart. During the whole time 
the Commission worked, he tried to stop the heart in every conceivable way, and failed. The 
Commission found that shock and chloroform are not associates but incompatibles. It is im- 
possible to produce cardiac syncojie, or even vaso-motor depression, by any form of shock in 
any stage of chloroformisation. When it was found impossible to produce any effect upon the 
heart by any form of shock under chloroform, Dr. Bomford suggested that we should give 
chloroform and then stop the heart by electrical irritation of the vagus nerve, and see 
what happened. This was done, and wdiat happened was this. Wo found that so far 
from being a danger under chloroform, stopping the heart actually proved to be a 
safeguard against poisoning, by slowing the circulation and delaying the conveyance of 
chloroformed blood to the brain and spinal cord. 


“ The next phase of the Commission’s research consisted in demonstrating that the 
So-called normal fall of the blood-pressure under chloroform, which the Glasgow Committee 
considered dangerous, and the unexpected and capricious falls which they thought excessively 
dangerous are in themselves harmless. The cause of the gradual falls I shall refer 
to at a later })eriod« We were able to prove that the sudden and capricious falls are due 
to inhibition or stoppage of the heart from stimulation of the vagus nerve from abnormal 
respiration or over-dosing, and are as much a safeguard against poisoning with chloroform 
as I have just shown that the inhibition caused by electrical stimulation of that nerve 
is.” Dr. Lawrie here handed round and distributed among the audience several photographs 
of the tracings of the Glasgow Committee’s experiments, and of No. 148 of the Hyderabad 
Commission’s experiments, and pointed out that the tracings of the Glasgow Committee’s 
observations A & C are identical with observations 8, 9, 11, 15, and 16 in Pick tracings ii & iii, 
which were produced by chloroform and by ether. Dr. Lawrie explained that the Glasgow 
trace could always be reproduced by (a) stimulation of the vagus and by (b) asphyxia ; and he 
further added that it was frequently produced accidentally during the experiments of 
the Hyderabad Commission, by the animal holding its breath or struggling {vide 
experiment No. 148 and many others), or by stoppage of the respiration from over- 
dosing with chloroform. 

In the third phase of the Commission’s labours, it was distinetly proved 
that uniform results can always be obtained with chloroform, provided it is iuffl k a e n t - 
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ly diluted to allow of regular normal breathing throughout the whole administratioil* 
As long as these conditions are fulfilled, the fall of the blood-pressure is regular, 
and the hearths action and the pulse are invariably regular also. We proved that toy 
irregularity of the heart or of the pulse under chloroform is a certain sign of ohlorofonn* 
poisoning, either from direct overdo'^ing or from ovenlo^ing tlirough abnormal or irre* 
gular respiration. Of normal anesthesia with regular hrt^athing and without [poisoning, which 
is, in practice, all the chloroformist has to produce, the pulse can never be any test whatewr. 
It is only a test of irrt^gular breatiiing or of overdosing, and it is, therefore, no less dangerous 
than useless to take it as a guide. 

Such is a very brief outline c»l the conclusions and results nrrivecl at by the Hyderabad 
(Commission. It would 1 m» an insult to your ooinnum .sense to exaggerate them, or to 
pretend that without further amplification they define the %\liole jiosition with regani to 
chloroform, rndoubtedly the\ go a Nery long \\a\ towards doing so, Imt the old question still 
remains unanswered. That question is, (hw^s rhlorofortn affect tin* heart dirtMifly ? This 
question is inextrieaidy mixed up with the eatise ot tlie iail tlu' blood -press tire under 
chloroform, and in order to att^wer it tlu* cause of llii^ lall must tiow* be determiiUHl. If 
chloroform in any wa^ whate\(*r (iin‘eliv w*»ulvt*ns the heart, it is rh*ar that its adtiiinisfration 
can never Ik* free from ri^k. (‘litiicalK I know that it doon not weak<*n tlu* lu*art, beeaiiHe 1 or 
anybody else eun pro<iu<s* notmal an.‘e'*lhesia with <*hIon»lt»rm, with teguhir breathing and 
without overdosing. eiitin ly without rl-k. Thi^ tact, bowover. will never coin f*rt the profession; 
and though I have* otten h«‘en aimoved during tlu* pu'^t <‘iglitct'n months because our result** 
liave J>een **0 little acted u[K»n, 1 now see tliut it is unr<‘asonafde to (‘Xpeet the profession to 
uccejit them until tlu* tall ot Mood-|»re**'*un* under <'hlorotorm is lidly and siitisiat'torily 
n(*eouiited tor. l^jist vear, 1 had tlu* honm* of an interNievN with Prof(»ssors Michael Kost<»r 
and (iaskell at (amhtiilgc*. and thev examined the traeing‘« td the Hyderabad (^mtinissiuirs 
exjicriinents. ProfesMu Fostei l(»okt*d over them tor a long time without saying a w'onl. At 
last he stated his opinion that the one thing brought out l^y the whoh* ol the triu’ings is that 
the hlood-pre*‘snre lowered hv eldorotorin, a** it i** by all aniesiheties, and that this 
ap|»ears to indi<*ate danger to the heart ; but lu* adtied. ‘ again-^l this we must n»im»inlH*r that 
when a jKtison is introduced into tlu* system, i»verything that hap|K*ns afterw^ards is 
of nece.ssity in the nature ot a sategimrd,' Apart from vagus stimulation, there arc 
two ]K>ssihle v\av- of lowering the hloiMl-pressure ; one by w'eakening the heart, and 
the other by vaso-inolor dilatation — dilatation ot the small arteries. It the lowering 
of the blood-pressure under ehlorotorm were due to diree! vvf*akening of the heart, it is clear 
that a {iatient under ehlorotorm would lx* in a grudtuilly inc reasing state* ot syncojte and 
tbat the fall of hlood-pres^jure would l/e in itself a dangc»r, and this is op|>o.*Hsd to the iiusti 
that there is no danger in normal anaesthesia and that thc*re is al>»oIutcly no roHemblanoe 
between anaesthesia and syncojie. But it the* fall is due to relaxation ot the vaso-motor 
system of muscles and constHjuent dibtatiou of the small arU*ries, it must lie absolutely 
harmless ; and in accordance with Foster’s principle it ought tc be a safeguard. If we 
carefully consider the eflects of chloroform, we find they are as follow ; As consciousness is 
abolidied under chloroform, first the systemic muscles are relajanl and sent to sleep, and then 
4S 
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the respiratory Inuscles, and during this time the blood-pressure is failhig — regularly and 
gradually if the respiration is normal and not interfered with. The relaxation of the qrsteimc 
and respiratory muscles is due to narcosis, or sending to sleep, of the central nervous system, 
and not to any direct action of chloroform upon the muscles themselves. After the muscles of 
respiration are relaxed and respiration ceases, the heart can no longer obtain nourishment, 
llie animal then gradually dies, and the heart stops beating. The next point with regard to 
this most interesting subject is that the work of the heart is not kept going either by a cardiac 
centre in the brain or spinal cord, or by the ganglia in its own substance. At first this may 
sound a little like heresy, but the tendency of modem physiology, and of modem physiologists 
headed by Gaskell, is to show that the heart is a self-acting muscle, and a recent discovery by 
Dr. Arthur Meigs of Pennsylvania gives ground for the belief that this conception is literally 
true. The fibres of ordinary muscle derive their nutrition by absorption from delicate capillary 
blood-vessels which run between them. Dr. Meigs has demonstrated that the muscular fibres of 
the heart have a circulation peculiarly their own. He has shown that in the heart a capillary 
blood-vessel enters into the substance of the muscle fibre, and there can be no doubt that each 
fibre is nourished, and at the same time stimulated to action, by the blood flowing in its interior. 
The muscular fibres of which the heart is comj)Osed are, if this view is correct, automatic hearts 
in miniature, and the heart itself is thus a self-acting organ stimulated to rhythmic beating 
throughout the whole of life by the very blood which nourishes it. Dr. Meigs’s discovery 
explains and accounts for the vigour of the circulation in the heart as well as the high state of 
its nutrition. It also shows that each successive beat of the heart is produced by the beat 
immediately preceding it. We have seen that the heart is independent of the centra) nervous 
system, and then* is no more ground for suppo'^ing that chloroform acts directly upon its 
muscular tissue than that it acts directly upon any other mu‘*cular tissue. It is therefore, a 
fair inference that the heart can never be directly affected by chloroform. We now come to the 
last link in the chain, dilorolorm narcosis affects first the brain, and then the spinal cord. 
The vaso-motor centre is ‘situated in the upjjer part of the spinal cord, in the medulla oblongata^ 
and it must be narcotised like the other nerve centres. The vaso-motor mu«cles are thus 
relaxed, and the blood-pressure falls. As the relaxation of the vaso-motor system is not vital, 
the fall of blood-pressure is harmless.” 

Dr. Lawrie now handed round photographs of the tracings of the Hyderabad Commis- 
sion’s experiment No 178. Ludwig II and Pick I, and of Experiment No. 1 86 of March 6th, 1890, 
Ludwig I, II, III, and IV. Referring to the Ludwig tracing II of experiment No. 178, he said : 

‘‘ In this observation chloroform administration was commenced at 2h. 51m. 40s. The 
blood-pressure fell in the usual way, and at 2h. 54m. 85s. the breathing and heart both stopped. 
A reading was taken on tlie Pick manometer, and the complete arrest of the heart’s action for 
over a minute is well shown at Pick 18. This reading is remarkable as showing that the 
blood-pressure hod already fallen as low as it could get before the heart stopped, and it did not 
fall further after this happened. The fall must, therefore, have been due to vaso-motor 
dilatation and not to weakening of the heart. I mast now ask yon to examine the 
tracings of Experiment No. 186 of March 6th, 1890. Ludwig 1 shows the harmless eflfoot of 
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mUm bnPBring %i ih. 17m. 50$. and at 8h. 48iiu 25$. ; ihe animal nras 

qviia out of diloiafiinn at these times, and it was not even being administered. Ohlorofonii 
ad mi n i s t ration was oommenoed with plenty of air and regular breathing at 2h. 18m. 
85s. The gradual and regular fall of blood*pre$sure is very well ^own in tins 
observation. The breathing stopped at 2h. 34m. 5s., and electrical irritation of the vagus 
was begun at 2h. 24m. 15s., and continued until 2h. 25m. 10s. The only apparent eftct 
of the vagus stimulation was to slow the heart without lowering the blood*pres8ure« Artificial 
respiration was not employed, and the animal recovered rapidly. 

Ludwig II.— > In this observation chloroform administmtion w*as commenced simul«» 
taneously with electrical irritation of the vagu> at 2h. 85m. 50s. The blood-pre««ore fell 
suddenly almost to zero. This was followed by a {muse and then two slow Inmts of the heart. 
The pulse trace then slowly returned, and the pressurt' gradually rose to a little more than 
half its former height, and then gnulually fell again as it dw's in normal chloroform admin- 
istration. The pulse remained slow. The re-inration ceased entirely at 2h. 87ni. 15s. The 
vagus irritation, which was begun at 2h. 85m. 50'., was continued until 2h. 81>m. 5s., when it 
was 8top{>ed, and normal breathing at once recommence 1 without any further ste{>s being 
taken to revive the animal In this obs<*r\ativm the effect of the \ugus irritation was to 
suddenly lower the hloo 1-pressure aii<l to ‘»low the pulse. The stoppage of the respiration is 

to be particularly noted and kept in mind with reference to the next observation in 

Ludwig HI. 

**In Ludwig III, chloroform inhalation with normal Ijnmthing was commence 1 at 2h. 51m. 
358. The bloo 1-pressure fell gra lually an I regularly. The hnmthiiig stoppe 1 at 2h. 55m, 45s,, 
but it was not recordeltill 2h. 5<im (K in order to make sure that it had quite stopjmd. 
Electrical irritation ot the vagus \%as commence I at 2h. 5<>m. 10', and continue] till 2h. 57m. 
25s. ]h‘ blood-pressure fell suddenly an I remained lo>\, with slow action of the heart for 

one minute anl fitt*en secon Is. The animal recove re 1 sjKmtaneoiisly without artificial re- 
spiration or any other treatment. (If Lu Iwig IV is now examined, it will he seen that 
the chloroform observation of Ludwig III was repeatel. When the breathing stop{)ed, 
the animal was left entirelv alone and he diel,^ The cpiestiou that arises about the 
animars recovery in the ex{)eriment record^^d in Ludwig 111 is, what was the 
recovery due to ? It must lx? noted that the \agns was not dividcMl. The visible 

effect of the irritation of the entire vagus wras to lowu»r the iilood-jiressure which 

was already dangerously (?) low, and slow' the pals<*. It might lie obj<»ct<Hj tluit the 
irritation of the nneot vagus stimulated the respinitory centre, and so saved the animal’s 
life. But if this might be said about Ludwig III, it might equally fairly be said about 
Ludwig II that the irritation of the vagus at 2h. 85m. 508. saved the dog’s lile by stopping 
the respiration, which would be absurd, as the irritation of the vagus cannot lie a safeguard, 
or save life, by stopping the respiration in one case and exciting it in another. If lowering 
the blood-pressure were dangerous and due to weakening of the heart, it is clc*ar that the stimu- 
lation of tlte vagus at 2h. 56m. 10s., when the animars breathing had stopped and the pressure 
waa already periloasly (?) low, was the very worst and most dangerous expedient we could 
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have adapiSd, 9 k it at once caused a further fall of the blood-pressure, aud kept it dowat aeurly 
td aero for considerably over a minute. So far from being a dangerous procedure, however, 
it saved the dog’s life ; and this fact alone is sufficient to upset the hitherto accepted belief 
that general lowering of the blood-pressure is dangerous, or that it is due in chloroformisation 
to weakening of the heart. The last point to notice with reference to Ludwig tracing III is, 
that it is evident that tlie pulse beats increased in force from the time chloroform was admin- 
istered at 2h. 53m, SSs. till the commencement of the artificial fall of the blood-pressure at 
2h. 56m. 10s., and that at the end of this fall at 2h. 57m. 25s. the pulse tracing was at first 
pretty large, and that as the animal’s pres.sure rose during recovery it gradually got smaller 
and smaller. If the lowering of the blood-jiressure were due to weakening of the heart, the 
reverse of this ought to have occurred, the pulse ought to have become smaller and smaller 
up to the stop, and afterwards begun by being very small and gradually increased in size as the 
animal recovered. 

“ Finally, with reference to the fall of the blood-pressure in all the tracings exhibited this 
evening, it is to bo observed that the sudden (unexpected and cupriciou*^) falls, which the 
Glasgow (yoinmittee considcr(*<l (*xceptionally dangerous, did not actually prove to be so in their 
experiments (their animals did not die) ; and have been demonstrated in ours to be a safeguard. 
If the sudden falls are a safeguard, a fori ion the (jradval falls, which occur in normal chloroform 
administration, arc a safeguard also. 


“ Wo have now the ju'oof, why normal chloroform anfcsthe^^ia is free* from danger. 
It is because chlorolbrin nevc^r, undcu* any circumstances, dir(‘ctly affi»cts the heart, 
and that the fall of blood-prc'ssure is due to vaso-motor dilatation, and, so far from being 
a risk, is in all cas(»s, if not harmless, a safeguard. I have only one word to add in 
conclusion. If you examine the tracings you will see what splendid work w^as done by Dr. 
Bomford for the Oommission. Each tracing is a work of art ; but each one wa> completed by 
Dr. Bomford, and everything tliat occurred was written on i< as the drum r(»volved at the 
time of the experiment. Nothing was adiled to any one of them aftm* the t»xperiment was over, 
so that nothing was trusted to any one's memory. In tlie second place, Dr. Bomfortl discovered 
the safeguard action of the vagus nerve, and this j)roved to lu* tla* k(»y to the saft* adminis- 
tration of chloroform. In everything 1 have written since the Commi''sion ended the physiology 
is a reproduction of Dr. Boinford's views, generally in his own words ; and I fe<‘l proud to think 
that work so permanent and lasting as that of the Hyderalnul Glilorofonn (’ommission was 
carried to a successful conclusion mainly through the instrumentality of a member of that 
Service to wdiich I and so many of my hearers have the honour and the happiness to 
belong — tlie Indian Medical Service,” (Loud ajjplause.) 

Dr. Wellington Gray then said he had been for a long time connected with the J, J, 
Hospital, and had seen many more than 10,000 administrations of chloroform. Since the 
sitting of the Chloroform (Commission he had watched the administrations of chloroform with 
increased care and interest. No doubt there was much to be discovered, and much to be 
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inquired into yet^ bat, from his own clinical experience, he believed the views and oondlnaioni 
of the Hyderabad Commission were not far from the tmth. 

Dr. Amott said he vras glad to find the views of Dr. Lawrie were the same as he had 
been taught by Professor Lister twenty-five years ago ; in that Sir Joseph Lister insisteil that the 
great safeguard in the giving of chloroform wa*^ the dilation of the chloroform, and that the 
giving of the chloroform in a coneentniteil form, >iich as n cKx^ed cone, (doselv applied over 
the nose and mouth of the patient, wa» not a safe methoil of admini^tmtion ; hut that some 
method of dilution must bo adoptoil to the amount which Dr. Liwrie had c]iu>ttHl, and which, 
he thought, was about the amount <jUottMi hy Profe^nor ‘»omo twi»nty-(ivo years ago. Ho 

had no dou!)t that the udministmtion of diluted chloroform wa*' sife a** Dr. I4iwrie 
had said. 

Dr. Hatch next ex])laiiu*(l hi^ exjM‘rb‘U 4 M‘s in chloroform ntlmini'^tration. During ten 
or twelve years he had only knovii of two ileatliN and om* of thoM» he had some doubts aliout 
before administering. In the^e casen the clilorot<»rm was admiiii*«t<'ml vith the closed cone, 
which it was not lu'ce'^siiry to plac4» cIom* to the no^e. 

Dr. Blaney slid he had bc«*n t otomu* <»t llomba\ lor tift4‘(*p y(*arH, and evf^ry death that 
liad been r<*|K)rtcd a^. Inning trom cblorol<»nn or from any otlun ana^t lactic, had botm 

inquired into by him. it wn^ hi^ dut\ to do, but la* siid it was tc» tla* cr<‘dit of tla» inedieal 
profession oi Buml>a\ that they ‘•tood iMdiind no otbci cit\ la* knc^^ of in tla' suceessful 
administration oi chloroform. Tho'^c rc|»ort^ la* had r♦‘c<‘i^<'d ot deaths from chloroform, he did 
not con^aler worth the paper the^ had hc< n writt«*n on. ( hloroiorm, during the time la* hud 
lieen Coroner, mu*'t lun<* iK*en adminiM<‘n*<l in Homha\ man\ thousaials of times, hut 
there were only tw'o deaths during that time which really n*Miltcd from chloroform or 
amesthetics. 

Some other g«»ntlemen n*portc<l tla*ir experience-, si\ing tljey had laal no deaths from 
chloroform, and expre**'»ing the opinion that there wa- no lianger from chloroform if projwrly 
admini'^tered and diluted. At the saiia* time it wu'^ nec<**'*'ury, M»me thouglit, to watch the 
pulse* as w’ell as the rc'^piration. 

Dr. Law'rie said that before the Commission he used to watch the respiration for signs 
w’herebv danger might la* arrest^ni, iuit tliat since the of the Commission he did not 

merely watch the respimtion, hut insisted on its la*ing kept absolutely regular throughout the 
whole administration so as to produce normal inhalation and normal anicsthe.sia. 

Surgeon-General Pinkerton profio«<Hl a hearty vote of thanks to Dr. liawrie for coming 
there and delivering that lecture ; and to tL H. the Nizam for affording the means of 
research. 

The motion was heartily responded to, and the meeting separated. 



PART IX.-OLINIOAL RESULTS. 


[By THE PRESIDENT.] 


The system of note-taking in chloroform administration, now in force in 
the Afzulgunj Hospital, has been developed very gradually since the comple- 
tion of the experiments of the Commission. In the first 272 cases in which 
an accurate record of chloroformisation was kept, the notes were taken by 
students. The average lime to produce anajsthesia in the’se cases, which 
include children and adults, was 3m. 418. In 82‘9 per cent, abolition of the 
corneal reflex, in 1 6*8 per cent, stertorous breathing, and in one case complete 
relaxation of the muscles was the first sign of full anaesthesia. There was no 
instance of respiratory embarrassment or of accident or delay of any kind due 
to over-dosing, and the patient was never allowed to inhale the anaesthetic 
while the breathing was in any way irregular. 

From Case No. 273 the notes were taken by the surgeon. The system of 
adminislration and note-taking was improved by the adoption of suggestions 
made by two of the most distinguished surgeons in Europe during the discussion 
on auBesthctics in Glasgow. Sir George iMacleod stated that in all his public 
operations ho administers chloroform himself until full anaesthesia is produc- 
ed, Dr. William MacEwen said that during chloroform inhalation every one of 
the patient’s respirations should be registered on the chloroformist’s tympanum. 
Effect was given to both these principles. Sir George Maideod’s method has 
been practically followed by the surgeon himself taking notes of every case 
of chloroform administration in the presence of the clinical class, while the 
administration has been entrusted to students as before. In this way the 
responsibility for the whole case rests with the surgeon as it always ought to 
rest, unless we are to go back to the days of barber surgery when the surgeon 
simply did as he was told ; at the same time the students, without exception, 
have the opportunity of becoming skilful and safe chloroformists. Throughout 
the inhalation the chloroformist carries out Dr. MacEwen’s rule to the letter and 
every one present is kept informed of the rate of the patient’s respirations by 
an assistant who stands near the chloroformist and taps the table after every 
completed breath the patient takes. 
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The administration of cliloroform, in the Afznlganj Hospital is now 
condnoted in the following manner. When all is ready for Uie operation 
the surgeon gives the signal to begin the inhalation. The method of adminis- 
tration is described on page 286. While it is proceeding no one is allowed to do 
anything in the operating room, not even speak, and everybody’s attention 
is thus concentrated on the administration until the patient is fully anaes- 
thetised. From the moment the inhalation is commenced until anaesthesia is 
produced, the surgeon records every event, even of the most trivial kind, with 
the exact time of its occurrence. This is in strict conformity with Dr. Bomford’s 
plan of recording on the tracings everything, as it took place, during the 
manometer experiments of the Commission. Each entry is notified to the 
class as the surgeon records it. and after the operation is finished, and the 
patient has been removed, one of the sttulents is made to describe from 
memory what happened during the inhalation. Ilis th'scription is compared 
with the record, and finally, the record is read nut to the class. 

In the cases detaiU'd it will be remarked that the respiratory pauses, 
which are sometimes referred t«t as ‘‘ apnu'u ” and sumetinu's as “ holding 
breath,” were systematically fnllowe<l by one breath of pure air. This 
requires a word of explanation. During chloroform uilministration the patient 
usually holds his breath from ajtnuja. or owing to over-coiuMUitration of the 
vapour, or fi’om increasing narcosis of the respiratory centr('. Holding the 
breath from apnuea, which occurs in the early stages of the inhalation, is 
generally due to rapid breathing, ami when the ])atient begins to bn'athe again ho 
does so quietly and without gasping. Holding the lircatii from over-c»*ncentra- 
tion of the vapour of chlorolorm or from sluggishm ss of the respiratory 
centre, though a natural safeguard, loads to asjdiyxia, ami when the patient is 
compelled to breathe again he gasjis. It is not always possible to determine 
the cause of holding the breath; but it is evident that us the patient can 
take in no chlorolorm as long as h; is not breathing, it dues not waste 
time to remove the chlorolorm cap from his lace until he bn^athes again. 
When the patient does breathe again, however, it inaki's all the dillerenee in 
the world whether the chlorolorm cap is over his face or not. If it is, and he 
gasps, an over-dose may be taken in or still further irregularity of the 
respiration may be produced ; in either case the result is abnormal inhalation. 
Bat if the first inspiration after holding the breath, or after any abnormality of 
the breathing, consists of a breath of pore air, all danger is avoided. Normal 
respiration is restored ; and normal respiration alone is compatible with normal 
inhalation and normal anaesthesia. 
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(/Mes of chloroform odminiMratim oi the Afzulgw^ Hospital. 

August 22nd, 1891. — No. 273. 

Tomperature of operating room 73'7®F. Healthy Mahomedan male aetat 
29. Disease — ^hydrocele. Operation — excision of sac. Chloroformed by student 
Krishtiah at 8h. 13m. 30s. Anaesthesia complete at 8h. 17m. 45s. ; operation 
commenced at 8h. 18m. Os. ; finished and patient removed from table at 8h. 
44m. 30s. Retched and brought up a little frothy mucus at 8h. 41m. 55s. 

Ohseroatiom. 

If. M. H. 

A. 8 13 30. — Chloroform on cap ; patient blowing hard. 

B. 8 14 20. ^Apncca ; cap entirely removed till 8h. 14iu. 45s. ; 

one breath fresh air. 

C. 8 14 45. — (fiiloroform ; regular breathing. 

D. 8 10 10. — Struggling ; regular breathing. Struggling con- 

tinued till 8h. 16m. SOs. when one breath of 

frcish air was given, and the struggling ceased. 

E. 8 17 0. — Snoring ; at 8h. 17m. 308. the snoring was accom- 

2 )anied by noisy expiration. 

F. 8 17 45. — Breathing stertorous ; stop chloroform. 

G. 8 17 55. — Cornea insensitive. 

11. 8 18 0.— Operation commenced. 

1. 8 44 30. — Operation completed. 

In this and iu all subsequent cases, unless it is expressly stated to the 
contrary, the anaesthesia was continued until the completion of the operation and 
the application of the dressings, in the usual way, by giving chloroform from 
time to time. 

August 22nd, 1891. — No. 274. 

Temperature of room 76*3®F. Shurfun Bee (female infant), setat 1 year. 
Disease — abscess. Operation — incision. Chloroformed by student Miss 
Williams at 9h. 3m. Os. Anaesthesia complete at 9h. 4m. 10s. Chloroform 
stopped and operation finished at 9h. 7m. 15s. 
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Observations. 

H. H. B. 

A. 9 8 0. — Chloroform on cap ; crying and straggling ; breath< 

ing regular. 

B. 9 4 10. — Cornea insensitive ; kept nndor chloroform till the 

dressing was applied, and the child was removed 
from the table at 9h. 7m. ISs. 

August 22ml, 1891.— No. 275. 

Temperature of room 76'3“ F. Male Mahoinedan child, Mahomed Sahib, 
«tat. 1 year. Disease — ^wound. Explored under chloroform and sutured. 
Chloroformed by student Miss Williams at 9h. 12m. 55s. Under at 9h. 13m. 
40s. Administration stopped and operation finished at 9h. 18m. 5 h. 


II. M. 

A. 9 12 

B. 9 13 

C. 9 13 

D. 9 13 

E. 9 13 


Ohserraf/oHS, 

s. 

55.— Cliloroform on cap ; crying and struggling; breath- 
ing regular. 

10. — Holding brealli ; ebloroform cap removed. 

20. — Gasped Iresli air ; cliloroform again. 

30. — llegular brealliing. 

40. — Cornea insensirivo ; under cliloroform till 9h. 
l«in. 5 h. 


Angus) 24lli, 1891. — No. 276. 

Temperature of room 73‘1" F, Well-nourished Hindoo male, Krishna 
Row, aetat. 44. Disease — leprosy. Operation — nerve splitting and cleaning. 
Chloroformed by student Krishtiali a) 7h. 40m. tls. Full amesthesia at 7h, 
45m, 10s. Chloroform stopjied at 8h. 8ni. 5s. 


H. M. 

A. 7 40 

B. 7 42 

C. 7 43 

D. 7 44 

E. 7 45 

F. 7 45 


ObserratiOH'f. 

8 . 

0.— Chloroform on cap ; blowing gently. 

30. — ^^Vhilo more chloroform was being poured into the 
cap the patient took three breaths of pure air. 

30. — Noisy expiiration. 

15. — Breathing irregular ; one breath of pure air. 

0. — Snoring, 

10.— Stertorous breathing ; chloroform stopped. Kept 
under till the operation was finished at 8h, 8m, 5s. 


4fi 
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August 24tb, 1891.--No. 277. 

Temperature of room 78*1* F. Weakly Mahomedan male, Shaik Jamal, 
etat. 80. Disease— abscess. Operation — incision. Chloroformed by student 
Krishtiah at 8h. 13m. 50s. Full anaesthesia at 8h. 18m. 50s. Administration 
stopped at 8h, 24m, dOs. 

Obaervationa. 

H. M. s. 

A. 8 13 15. — Chloroform on cap ; blowing very rapidly into the 

cap, 68 times a minute. 

B. 8 15 0. — Cap close to face. 

C. 8 15 10. — Breathing irregular ; one breath of fresh air. 

D. 8 16 0. — Regular breathing, 24 respirations a minute. 

E. 8 17 10.— Snoring. 

F. 8 17 30. — Two breaths of fresh air while more chloroform 

was added. 

G. 8 18 45. — ^Noisy expiration. 

H. 8 18 50. — Cornea insensitive ; chloroform stopped. Adminis- 

tration afterwards continued till 8h. 24m. 30s. 

August 24th, 1891. — No. 278. 

Temperature of room 73*1° F. Healthy Hindoo male, Ramiah, setat. 20. 
Disease — needle in the buttock. Operation — excision. Chloroformed by 
student Krishtiah at 8h. 31m. 50s. Full anaesthesia at 8h. 36m. 5s. Adminis- 
tration stopped at 8h. 40m. Os. 

Observations. 

H. M. s. 

A. 8 31 15. — Chloroform on cap ; blowing rapidly 52 times a 

minute. 

B. 8 31 50.— Talking. 

C. 8 32 5. — Cap close to the face. 

D. 8 82 10, — ^Apnoea ; cap removed. 

E. 8 82 20. — One breath of fresh air. Cap re-applied. Regular 

breathing 24 times a minute. 
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B. 

M. 

F. 

8 

38 

G. 

8 

34 

H. 

8 

34 

I. 

8 

34 

J. 

8 

34 

K. 

8 

35 

L. 

8 

36 


s. 

10.~-More chloroform on cap; took two breaths of 
fresh air. 

0. — ^Moving legs and arms. 

15. — ^Holding breath and struggling ; cap removed. 

45. — Gasped fresh air ; cap re-applied ; regular breath- 
ing. 

50. — Talking. 

10. — Noisy expiration. 

5. — Cornea insensitive ; chloroform stopped. Admin- 
istration afterwards continued till 8h. 40m. Os. 


August 24th, 1891. — No. 279. 

Temperature of room 73*1° F, Healthy Hindoo male, Kissensingh, eetat. 40. 
Disease — necrosis of the lower jaw. Operation — ^removal of dead bone. Chloro- 
formed by student Krishtiah at 8h. 52m. Os. Full aneesthesia at 8h. 59m. 55s. ; 
the administration was slow on account of blooding into the mouth. (A probe 
had been introduced into the sinus before the operation was decided on.) 


Observaitons. 



H. 

M. 

A. 

8 

52 

B. 

8 

53 

C. 

8 

54 

D. 

8 

55 

E. 

8 

56 

F. 

8 

57 

G. 

8 

59 


s. 

0 . — Chloroform on cap ; blowing regularly. 

5. — Cap brought close to face. 

30. — More chloroform ; two breaths of fresh air. 

40. — ^Noisy expiration. 

20.— Coughing violently ; one breath of fresh air. 
20.— More chloroform on cap ; two breaths of fresh 
air. 

55. — Cornea insensitive ; administration continued till 
9h. 4m. 55s. 


August 24th, 1891. — No. 280. 

Temperature of room 86*5° F. Healthy Hindoo female, Lutchoo, eetat. 40. 
Disease — -Ovarian cysts. Operation-double ovariotomy. Chloroformed at the 
Besidency Hospital at Ih. Om. Os. by student Miss Williams. Full anees- 
thesia at Ih. 4m. SOs. Continued until the operation was finished at Ih. 69m. Os. 
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Ohservatwm, 

H. M. s. 

A. 1 0 0. — Chloroform on cap ; blowing regularly 36 times a 

• minute. 

B. 1 0 40.— Cap close to face. 

C. 1 0 56. — Noisy expiration ; 32 respirations a minute. 

D. 1 1 25. — Took three breaths of pure air while chloroform 

was added to the cap. 

E. l 2 0. — Holding breath ; cap entirely removed. 

F. 1 2 15. — Gasped pure air ; chloroform again. 

G. 1 2 40. — Holding breath, cap entirely removed. 

H. 1 2 55. — Gasjjed pure air ; chloroform again. 

I. 1 3 40. — Talking ; regular breathing. 

J. 1 3 50. — llegular breathing 24 times a minute. 

K. 1 4 30.— Cornea insensitive ; stop chloroform. Continued 

afterwards until the operation was finished at 
111. 59m. Os. 

August 25th, 1891.— No. 281. 

Temperature of room 74'2® F. Healthy European boy, F. C. Harding, aetai. 
13. Disease — abscess of the neck. Operation — incision. Chloroformed by 
student Abdullah Khan at 7h. 55m. lOs. Anaesthesia complete at 7h. 59m. 55s. ; 
administration stopped at 8h. 10 m. 308. 

Ohserrations, 

II. M. H. 

A. 7 55 10. — Chloroform on cap ; blowing gently and crying. 

B. 7 56 20. — Cap brought close to the face. 

C. 7 56 45. — Calling out. 

D. 7 57 45. — Took two breaths of fresh air while more chloro- 

form was added to the cap. 

E. 7 58 0. — Regular breathing. 

F. 7 59 35, — Snoring. 

G. 7 69 55. — Cornea insensitive ; anaesthesia afterwards kept up 

till 8h. 10m. 30s. 
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August 25th, 1891. — ^No. 282. 

Temperature of room 74‘2® F. Healthy Mahomedan, Mahomed Bux, 
ffitat. 56. Disease — stricture of the urethra and perineal abscess. Operation- 
incision, and dilatation of the stricture with Holt's dilator. Chloroformed at 
8h. 12m. 408. by student Krishtiah. Full anR?8thesia 8h. 16m. 458. Anaesthesia 
continued till the operation was finished at 8h. 37m. 5s. 

Obaervations. 



H. 

M. 

s.‘ 

A. 

8 

12 

45. — Chloroform on cap ; blowing rapidly. 

B. 

8 

13 

0. — Coughing. 

C. 

8 

14 

10. — Holding breath ; cap removed till 8h. 14m, 228. 

D. 

8 

14 

20. — Gasj)ed li'esh air ; chloroform again ; regular 
breathing. 

E. 

8 

14 

40. — Struggling till 8h. 15in. 15s. ; regular breathing. 

F. 

8 

15 

1 5. — ^Irregu lar 1 >reat hing. 

G. 

8 

15 

20. — One breath of li'esli air ; regular brc'athing. 

H. 

8 

16 

30. — Stertorous breathing ; ehlorolbrm stopped. 

I. 

8 

16 

45. — Cornea insensitive ; kept under afterwards until the 




operation was linished at 8h. 37m, 5s. 




August 25th, 1891. — No. 283. 


Temperature of room 78 4” F. Healthy Native (Jhristian, Francis, fctat. 51. 
Disease — ^stricture of the urethra and extravasation of urine. Operation — ^peri- 
neal section and incisions. Clilorolbnned by student Krishtiah at 8h. 54m. SOs. 
Full anaesthesia at 8h. 59m, 15s. ; ailniinistration stop])ed at 9h. 3in, 40s, 

Ohneiraiions. 

II. M. s. 

A. 8 54 30. — Chloroform on cap ; blowing gently. 

B. 8 55 15.— Cap brought close to the face. 

C. 8 55 30. — Moaning. 

D. 8 55 45. — Slight struggling ; regular breathing, 

E. 8 56 10. — Moving hands and arms. 

F. 8 56 30.— Breathing irregular ; one breath of fresh air. 
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#*■ 

* \n. vu s. 

G. 8 56 50. — Breathing irregular again; one breatii of fresh air. 

H. 8 57 30.—More chloroform poured into cap ; took two breaths 

of fresh air. 

. I, 8 58 80. — Talking. 

J. 8 59 0. — Bapid regular breathing. 

K. 8 59 50. — Cornea insensitive ; administration afterwards con- 

tinued till 9h. 3m. 40s. 

August 25th, 1891. — No. 284. 

Temperature of room 78’4“ F. Weakly ill-nourished child, setat. 1 year, 
Mahomed Saheb. Disease — abscess. Operation — ^incision. Chloroformed by 
student Ismail Khan at 9h. 54m. Os. Anaesthesia complete at 9h. 55m. 458. 
Administration stopped at lOh. Im. 30s. 

Ohservaitons. 

u. M. K 

A. 9 54 0. — Chloroform on cap ; regular breathing. 

B. 9 54 30. — Two breaths of fresh air given without any parti- 

cular reason. 

0. 9 55 0. — Regular breathing, 32 a minute. 

D. 9 55 45. — Cornea insensitive ; cap removed. Administration 
continued till lOh. Im. 30s. 

August 26th, 1891. — No. 285. 

Temperature of room 74'7” F. Healthy Hindoo female, Rungoo, aetat. 30. 
Disease — ^whitlow. Operation — incision and removal of necrosed phalanx. 
Chloroformed by student Miss Williams at 8h. 20m. Os. Full anaesthesia at 
8h. 24m. 16s. Administration ended at 8h. 26m. 558. The breathing became 
stertorous fifteen seconds after the chloroform was stopped when the cornea 
became insensitive. 

Observations. 

H. M. s. ‘ 

A. 8 20 0. — ^Resisting and breathing irregularly ; struggled 

violently and cried till 8h. 20m. 508. 

B. 8 21 10.— Gasping noisy inspirations. 

0. 8 21 15. — One breath of pure air. 



m 

H. M. S. 

D. 8 21 20. — ^Regular breathing. 

£. 8 22 30. — ^Moaning. 

F. 8 23 0. — ^Talking incoherently. 

G. 8 24 15. — Cornea insensitive ; chloroform stopped. 

H. 8 24 25. — Snoring. 

I. 8 24 30. — Stertorous breathing ; the anaesthesia was maintained 
until the operation was finished at 8h. 26m. 55s. 


This case is an example of residual chloroform in the lungs deepening 
the anaesthesia after removal of the chloroform firom the face and discontinuance 
of the inhalation. What happens in these cases is shown in many of the 
experiments of the Commission, and is especially well marked in No. 64 on the 
Ludwig tracings, just after Fick readings 11 and 17. ( Vide Experiment No. 64, 
page 53.) 

August 26th, 1891.-— No. 286. 


Temperature of room 74*7® F. Sickly Mahomodan male, Umar Khan, aetat. 
33. Disease — sinus. Operation — ^incision. Chloroformed at the Afzulgunj Hos- 
pital by student Krishtiah at 8h. 30m. 45s. Anaesthesia complete at 8h. 36m. 
30s. Continued till 8h. 41m. 55s. 


Observations. 



H. 

M. 

A. 

8 

30 

B. 

8 

32 

C. 

8 

32 

D. 

8 

33 

E. 

8 

33 

F. 

8 

34 

G. 

8 

35 

H. 

8 

36 


s. 

45. — Chloroform on cap ; gently blowing, 24 times a 
minute. 

15. — Cap close to the face ; struggled. Regular breathing. 

50.— Breathing irregular ; one breath of fresh air ; 
regular breathing. 

16. — Moving left arm. 

50.— While more chloroform was being added, took 
two breaths of pure air. 

30. — Regular breathing, 24 times per minute, 

20. — ^Moaning ; noisy expiration. While more chloroform 
was being added took two breaths of pure air. 

30. — Cornea insensitive; snoring ; cap removed; adminis- 
tration, continued afterwards until 8h. 41m. 5e. 
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In this case after the patient had been removed one of the most intelligent 
students was made to describe from memory what had happened during the 
administration. He could only recall very imperfectly and inaccurately what 
he had seen a few minutes before. For example, he was under the impression 
'that full anaesthesia had been produced in four minutes instead of six. The 
experiment was repeated in every case subsequently, with the result that, 
though the by-standers were always warned to pay particular attention with 
a view to giving evidence afterwards, in no single instance could the witness 
give anything like an accurate description of what occurred during the admi- 
nistration of the anaesthetic. The fact that it is extraordinarily difficult to 
remember precisely what takes place when every thing is normal during an 
administration, shows how entirely unreliable and worthless statements made 
from memory by “ the competent witnesses who have recorded human deaths 
under anaesthesia”^ must be, when they are obsciirod by the shock of a patient 
dying, and by the excitement of frantic efforts to restore animation. 

August 26lh, 1891. — No. 287. 

Temperature of room 77*7® F. Sickly Hindoo male, Gowkari, ajtat. 22. 
Disease — abscess. Operation — incision. Chloroformed at the Afzulgunj Hos- 
pital by student Krishtiah at 8h. 58m. 10s. Full ansvfethesia at 9h. 5m. 55s. 
Continued until 9h. 8m. 35s, 

Ohsermtionb. 



11. 

M. 

s. 

A. 

8 

58 

10. — Chloroform on cap : blowing gently, 32 times a 
minute. 

B. 

8 

59 

20. — Cap brought close to face. 

C. 

9 

0 

10. — Holding breath ; cap entirely removed. 

D. 

9 

0 

30. — Gasped pure air ; cap re-applied. 

E. 

9 

1 

0. — Regulai' breathing, 24 a minute. 

F. 

9 

1 

20. — While mon* chloroform was being poured on cap 
took two breaths of fresh air. 

G. 

9 

2 

45. — ^Regular breathing, 24 a minute. 

H. 

9 

3 

20. — While more chloroform was being added, took three 
breaths of fresh air. 

1. 

9 

3 

25. — ^Noisy expiration. 

J. 

9 

3 

45. — Raising arms. 


Vide Professor Wood's Address on AnnstheBia«-page 268. 
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H. 1C. 8. 

K. 9 4 30. — ^Irregular breaihmg ; one breath of fresh air. 

L. 9 5 0. — Straggling. Regular breathing. 

M. 9 5 15. — ^Talking incoherently. 

N. 9 5 55. — Cornea insensitive ; chloroform stopped ; continued 

afterwards till 9h. 35m. Os. 

August 27th 1891. — No. 288. 

Temperature of room 74'5° F. Delicate Mahomedan female, Uoossain 
Bee, setat. 80. Disease — abscess. Operation — ^incision. Chloroformed at the 
Afzulgunj Hospital by student Krishtiah at 8h. 25m. Os. Full anaesthesia at 
8h. 34m. 30s. Continued until 8h. 38m. 50s. 

Observations. 

H. M. g. 

A. 8 25 0. — Chlorofrom on cap ; breathing regularly, 82 times 

a minute. 

B. 8 26 0. — Cap brought close to face. 

C. 8 27 0. — One breath of fresh air. 

D. 8 28 10.~Wliilo more chloroform was being added, took two 

breaths of pure air. 

K. 8 28 30. — Breathing regtilar, 32 a minute. 

F. 8 31 10. — Holding breath ; cap entirely removed. 

G. 8 81 20. — Gasped fresh air ; regular breathing. 

H. 8 31 50. — Snoring ; while more chloroform was being added 

took one breath of fresh air. 

I. 8 33 35 Noisy expiration. 

J. 8 34 30. — Cornea insensitive ; stopped chloroform ; continued 

afterwards until the operation was finished at 
8h. 38m. 50s. 

August 27th, 1891. — ^No. 289. 

Temperature of room 74‘5° F. Healthy Hindoo boy, Jutta Shunker, setat. 
14. Disease— cleft ear. Operation — plastic operation. Chloroformed at the 
Afzulgunj Hospital by student Krishtiah at 8h. 50m. 308. Ansssthesia 
complete at 8h. 57m. 158. ; continued until 9h. Im. SOs. 



Observations. 


H. M. s. 

A. 8 60 30. — Chloroform on cap ; regular breathing, 34 in a minute. 

B. 1 51 30. — Cap brought close to face ; regular breathing, 84 in 

a minute. ' * 

C. 8 62 40.— While more chloroform was being added, took two 

breaths of pure air. 

D. 8 53 5.— Moved left leg. 

E. 8 54 0. — While more chloroform was being poured on cap, 

took three breaths of pure air. 

F. 8 54 10. — Retching. 

G. 8 54 45.— Vomiting food ; cap removed. 

H. 8 55 25.— Chloroformed again. 

I. 8 55 35. — Struggling ; one breath of pure air. 

J. 8 56 0. — Regular respirations, 28 in a minute. 

K. 8 57 15. — Cornea insensitive ; stopped chloroform ; continued 

afterwards until the operation was finished at 

9h. Im. 30s. 

August 27th, 1891. — No. 290. 

Temperature of room 78‘3° F. Weakly Hindoo male, Nanuklan, aetat. 30. 
Disease— cystitis. Operation — oatheterism. Chloroformed by student Krishtiah 
at 9h. 14m. 50s. Full anaesthesia at 9h. 18m. 15s. The breathing became 
stertorous 45 seconds after the chloroform cap had been removed, and the 
inhalation had been discontinued on account of the cornea being insensitive. 
Vomited a small quantity of mucus and bile at 9h. 24m. Os. Before the 
administration was commenced the patient was in groat terror of having a 
catheter passed and resisted violently before chloroform was given. 

Observations. 


H. M. 8. 

A. 9 14 50. — ^Chloroform on cap ; blowing noisily through the 

closed lips. 

B. 9 16 0.— Noisy expiration. 



571 


H. M. & 

C. 9 16 15.-->Cap close to &ce. 

D. 9 17 0. — ^Holding breath. Cap removed. 

E. 9 17 10. — One breath of fresh air. Chloroform dgain. 

F. 9 17 30. — Noisy expiration. 

G. 9 18 15. — Cornea insensitive ; chloroform stopped. 

H. 9 19 0. — Breathing stertorous. No chloroform was administered 

after 9h. 18m. 15s. 

This is another example of antcsthesia deepening after stoppage of the 
administration owing to the absorption of residual chloroform in the lungs. 
( Vide Experiment No. 64, page 53). 

August 27th, 1891. — No. 291. 

Temperature of room 78*3° F. Weakly Mahomedan male, Syed Jalaluddin, 
ajtat. 28. Disease — abscess. Operation — ^incision. Chloroformed by student 
Mahomed Abdul Ganni at lOh. Im. 40 r. Full antcsihosia at lOh. 7m. 50s> 
Administration stopped lOh. 12m. 158. 

Observations. 



H. 

A. 

10 

B. 

10 

C. 

10 

D. 

10 

E. 

10 

F. 

10 

G. 

10 

H. 

10 

I. 

10 

J. 

10 

K. 

10 


M. 8. 

1 50.— Chloroform on cap ; regular breathing, 36 a minute. 

2 45.— Cap close to the fac(', slight struggle, not breathing 

regularly. 

4 0. — Regular breathing, 24 per minute. • 

5 25. — Noisy expiration. 

5 30. — Took two breaths of fresh air, while more chloroform 
was poured on to the cap. 

5 45. — Noisy expiration. 

5 55. — Snoring. 

6 0. — Cap removed, chloroformist unnecessarily alarmed 

about the breathing which was quite regular, 

6 15.— Administration continued ; regular breathing. 

7 25. — Snoring. 

9 30. — Cornea insensitive ; administration afterwards con- 
tinued till lOh. 12m. 15s. 

4 



August 28th| 1891.‘>-No. 292. 

Temperature of room 74*2° F. Uuhealtliy fererisli Hindoo, Bsmiah, seiat. 
SO. Disease— ^ppurating hydrocele. Operation— incision. Chloroformed at the 
Alsolgunj Hospital by student Erishtiah at 8h. 33m. 50e. Anaesthesia complete 
at 8h. 39m. 80s. ; continued until 8h. 43m. 50 b. 

Observations. 

H. M. B. 

A. 8 33 50. — Chloroform on cap ; rapid blowing, 44 a minute* 

B. 8 34 50.— Cap brought close to the face. 

C. 8 35 0. — ^Apnoea ; cap entirely removed. 

D. 8 35 20. — One breath of fresh air ; regular breathing. Chloro- 

form again. 

E. 8 36 40. — While more chloroform was being added took three 

breaths of fresh air. 

F. 8 37 20, — ^Regular rapid breathing, 40 a minute. 

G. 8 37 40. — Struggling ; regular breathing. 

H. 8 37 50. — One breath of fresh air ; stopped struggling. 

I. 8 38 30. — While more chloroform was added took five breaths of 

fresh air. 

J. 8 39 0. — Noisy expiration and struggling. 

K. 8 39 20. — Stertorous breathing. Chloroform stopped. Continued 

afterwards till 8h. 43m. 60s. Vomited bile. Tem- 
* perature 102° F. in the mouth before the operation. 

August 28th, 1891. — No. 293. 

Temperature of room 74’2° F. Y^^y weak and emaciated Mahomedan 
male, Mahomed Bekan Khan, actat. 76. Disease — senile gangreen of the foot. 
Operation — partial amputation. Chloroformed at the Afzulgunj Hospital 
by student Krishtiah at 9h. Om, Os. Anaesthesia complete at 9h. 4m. 30 b. ; con- 
tinued until 9h. 8m. 30 b. 

Observations. 

H. M. s. 

A. 9 O 0. — Chloroform on cap. 

B. 9 O 40. — Rapid respirations, 40 a minute. 

C. 9 1 5.— While more chloroform was being poured into the 

cap took 2 breaths of pure air. 
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H. M. 8. 

D. 9 1 35.— Straggling. One breath of fresh air. 

E. 9 2 36. — ^Talking. 

F. 9 3 5. — ^While more chloroform was being poared on to the 

cap, took two breaths of fresh air. 

0. 9 4 30. — Stertorous breathing. Chloroform was afterwards 

continued until the operation was completed at 
Oh. 8m. 30 b. 

August 28th. 1891. — No. 294. 

Temperature of room 787® F. Weakly Hindoo male, Avayah, setat. 30. 
Disease — abscess. Operation — ^incision. Chloroformed at the Afzulgunj Hos- 
pital by student Krishtiah at 9h. 18m. Os. Ana'sthesia complete at 9h. 25m. 20s., 
and continued until 9h. 29m. 15 b. 

Ohsermtiom. 

H. M. N 

A. 9 18 0. — Chloroform on cap ; respirations 28 per minute. 

D. 9 19 10. — C.ip brought close to the face. 

9 19 2.). — Uegular breathing, 36 per minute. 

1). 9 19 35. — While more chloroform was being poured into the 

cap, two breaths of pure air were taken. 

E. 9 20 35. — Regular breathing, 17 per minute. 

F. 9 21 10. — Raising his legs. One breath of fresh air. 

(1. 9 21 40. — While more chloroform was being poured into the 
cap, two breaths of pure air were taken. 

n. 9 22 20. — Struggling ; regular breathing. 

1. 9 23 25. — While more chloroform was being poured into the 

cap, three breaths of pure air were taken. 

J. 9 24 0. — Moaning. 

K. 9 25 0. — Snoring. 

L. 9 25 20. — Cornea insensitiTe. Stopped chloroform. The adminis- 

tration was afterwards continued until 9h. 29m. 16s. 
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August 28tii, 1891. — ^No. 295. 

Temperature of room 78*7*^ F. Young healthy Mahomedan male, Hussain 
Khan, aetat. 30. Disease — abscess. Operation — incision. Chloroformed at the 
^znlg iinj Hospital by Lady Superintendent Miss E. A. Lawrie at 9h. 44m. Os. 
Ansesthesia complete at 9h. 47m. 55s. Continued until 9h. 50m. 30s. 

Ohaervatiom. 


u. M. H. 

A. 9 44 0. — Chloroform on cap ; blowing quickly, 30 times a minute. 

B. 9 46 0. — While more chloroform was being poured into the cap, 

took three breaths of pure air. 

C. 9 46 45. — Regular breathing, 24 a minute. 

D. 9 47 5, — Snoring. 

E. 9 47 30. — Deep snoring. 

F. 9 47 50. — Stertor ; stopped chloroform. 

G. 9 48 0. — Cornea insensitive. Administration was kept up until 

9h. 50m. 30s, 

August 29th, 1891. — No. 296. 

Temperature of room 74*2° F. Strumous Mahomedan child, Morad Sahib, 
eetat. 4. Disease — sinus. Operation — incision. Chloroformed at the Afzulgunj 
Hospital at 8h. 29m. Os. by Miss E, A. Lawrie. Full anaesthesia at 8h. 31m. 30s. ; 
continued until 8h. 37m. 58. 


Observation^. 


II. M. s. 

A. 8 29 0. — Chloroform on cap ; crying but breathing regularly. 

B. 8 29 55. — Cap close to face ; regular respirations, 24 a minute. 

C. 8 30 45. — Coughing. 

D. 8 31 10. — Noisy expiration. 

E. 8 31 30. — Cornea insensitive and breathing stertorous simulta- 

neously. Stop chloroform ; afterwards adminis- 
tration kept up till 8h. 37m. 5 b. 
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Angost 29th, 1891.— No. 297. 

Temperature of room 74*7° F. Sickly Mahomedan male, Peer Mahomed, 
setat. 40. Chloroformed at the Afzulganj Hospital at 8h. 41m. 208. by Miss 

E. A. Lawrie. Full anesthesia atSh. 45m. 25s. Continued until 8h. 46m. 80 b. 

Observations. 


H. M. s. 

A. 8 41 20. — Chloroform on cap ; blowing regularly. 

B. 8 42 0. — Regular breathing ; twenty-eight times in a minute. 

C. 8 42 40. — Holding breath ; cap entirely removed. 

D. 8 42 50. — Gasped fresh air ; cap brought close again. 

E. 8 43 0. — Irregular breathing. 

F. 8 43 30. — While more chloroform was being poured into the cap, 

took three breaths of pure air. 

G. 8 43 50. — Irregular breathing ; one breath of pure air, 

H. 8 44 30. — Regular breathing ; 26 respirations in a minute. 

I. 8 44 50. — Struggling ; one breath of pure air. 

J. 8 45 5. — Noisy expiration, 

K. 8 45 25. — Stertorous breathing ; stopped chloroform. 

L. 8 45 28. — Cornea insensitive. Administration continued after> 

wards until 8h. 46m. 30s. 

August 29th, 1891. — No. 298. 

Temperature of room 74*7° Delicate Hindoo child, Nagamah, eetat. 6. 
Disease — abscess. Operation-incision. Chloroformed at Afzulgunj Hospital 
at 8h. 52m. 10s. by Miss E, A. Lawrie. Full anfpsthesia at 8h, 58m. 5 b. Con- 
tinued until 8h, 59m. 30s. 


Observations. 


H. M. s. 

A. 8 52 10.— Chloroform on cap ; breathing regular. 

B. 8 52 45. — Cap close ; regular respiratiouB, 28 in a minute. 

C. 8 53 5.— Cornea insensitive. Chloroform stopped, and afterwards 

continued until 8h. 59m. 30 b. 



Angnst 29th« 1891. — ^No. 999. 


Temperature of room 74*7° F. Unhealthy Hindoo male, Jumnadas, setat 30. 
DiseaBe— abeoesB. Operation — incision. Chloroformed at the Afzulgunj 
]$ospital by Snrgeon-lCajor Lawrie at 9h. 33m. 5s. Anasthesia complete at 9h. 
35m. 45s., and continued until 9h. 37m. 30s. 

Observations. 


H. M. s. 

A. 9 33 5. — Chloroform on cap ; regular respirations, 36 a minute. 

B. 9 33 15. — Cap brought close to face. Regular breathing. 

0. 9 33 30. — ^Noisy expiration. 

D. 9 34 6. — ^Talking. 

E. 9 34 26. — ^While more chloroform was being poured on to the cap 

two breaths of pure air were taken. 

F. 9 35 5. — Violent struggling ; regular breathing, 

G. 9 35 30. — ^Noisy expiration. 

H. 9 36 46. — Cornea insensitive. Stopped chloroform. Chloroform 

afterwards administered until 9h. 37m. 30s. 

Chloroform was administered in Case No. 299 by the surgeon. The 
students were becoming timid, in consequence, it was supposed, of the 
weekly reports of deaths under anaesthetics in the English medical journals ; 
and were taking from six to eight minutes to produce anaesthesia instead of 
from three to five. In Case No. 299, full anaesthesia was produced, with regular 
breathing throughout the administration, in two minutes and forty seconds. 
Dr. Lawrie afterwards said, “ I never wish you to give chloroform against 
time, but, provided the respiration is normal, there is nothing to be gained by 
slow anaesthesia. K the breathing is regular you need not be anxious about 
the patient, as no danger can arise before anaesthesia is complete, whether the 
chloroform is administered slowly or quickly. Until the stage of completp 
narcosis is reached therefore your anxiety should be to make the patient breathe 
regularly while he inhales the anaesthetic, and you should not allow him to 
inhale any chloroform when the breathing is irregular. Beyond this you need 
have no anxieties whatever.’* 



m 


Augost 29th, ISQl.—'No. 800. 

Temperature of room 80*5° F. Sioklj Hindoo female, mtai 82. Disease— 
abscess. Operation — incision. CSdoroformed at the Afznlgnnj Hospital by 
stndent Miss Williams at 9h. 47m. 30s. Ansesthesia complete at 9h. 52m. 15s. 
Continued nntil the operation was finished at 9h. 54m. 15s. 

Ohservations. 

H. M. B. 

A. 9 47 30. — Chloroform on cap ; respirations regular, 17 per minute. 

B. 9 48 25. — ^Regular breathing, 24 in a minute. 

C. 9 49 50. — Moving hands. 

D. 9 60 10. — ^Talking. 

E. 9 50 15. — ^Irregular breathing ; one breath of pure air. 

F. 9 50 50. — While more chloroform was being poured on to the cap, 

took two breaths of pure air. 

Q. 9 62 15. — Cornea insensitive. Gap was afterwards re-applied 
until 9h. 54m. 15s. when the operation was finished. 

August 29th, 1891. — No. 301. 

Temperature of room 80’5° F. Weakly Hindoo male, Parwaty Ram, »tat. 30. 
Disease— abscess. Operation — ^incision. Chloroformed at the Afzulgunj 
Hi spital by student Krishtiah at lOh. 4m. 508. Anaesthesia complete at 
lOh. 8m. 508. Continued until lib. 

Observations. 



H. 

A. 

10 

B. 

10 

C. 

10 

D. 

10 

E. 

10 

F. 

10 

G. 

10 


M. 6. 

4 60. — Chloroform on cap. 

5 15. — ^Very rapid respirations, 52 a minute. 

6 30. — ^Noisy expiration. 

6 50. — ^Breathing regular, 24 in a minute. 

7 30. — Struggling ; one breath of pure air. 

8 30. — ^Talking. 

8 50. — Cornea insensitive. Chloroform stopped. Continued 
afterwards tmtil the operation was finished at 
lOh. 20m. Os. 



AngOBt 81gt, 1891.— No. 302. 

Temperature of room 75*8° F. Healthy Mahomedan male, Mahomed 
Karimoolla, ffitat. 22. Disease — ^Fibroid tumour of scrotum. Operation— excision. 
Chloroformed at the Afzulgunj Hospital by Shivram Balkristna (his first 
-administration) at 7h. 51m. 45s. Full anaesthesia at 7h. 57m. 53s ; continued 
until 8h. 8m. 45s. 

Obaervaium. 

H. M. s. 

A. 7 51 45. — Chloroform on cap ; blowing hard, 40 times a minute. 

B. 7 52 10. — Cap brought close to face. 

C. 7 52 20. — Apncea ; cap entirely removed. 

D. 7 52 35. — One breath of pure air. Cap re-applied. 

E. 7 52 55. — ^Regular respirations, 20 a minute. 

F. 7 53 25. — While more chloroform was being poured on to the 

cap, took three breaths of pure air. 

G. 7 53 55. — Regular respirations, 24 a minute. 

H. 7 55 0. — ^Moaning. 

I. 7 55 55. — ^While more chloroform was being poured on to the cap, 

took four breaths of pure air. 

J. 7 56 30. — Snoring. 

K. 7 57 60. — While more chloroform was being poured on to the cap, 

took two breaths of pure air. 

The cap was not re-applied till later as, while the chloroform was being 
renewed, and before any more was inhaled, the cornea became insensitive 
and tbe breathing stertorous. 

August 3lBt, 1891. — ^No. 303. 

Temperature of room 76*8° F. Thin Mahomedan male child, Fakeer 
Mahomed, eetat. 5. Disease— -stone in the bladder. Operation — ^lateral lithotomy. 
Chloroformed at the Afzulgunj Hospital at 8h. 31m. ISs., by student Shivram 
Balkristna. Full anaesthesia at 8h. 33m. 45s. Continued until 8h. 44m. 30 b. 
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OhiemUiont, 

H. M. 8. 

A. 8 31 15. — Chloroform on cap ; regular orying respirationg, 36 a 

minute. 

B. 8 31 50. — Still crying ; breathing irregular. One breath of pure 

air. 

G. 8 31 55. — Cap brought close to face ; respirationB 32, regular. 

D. 8 32 50. — While more chloroform was being poured on to the cap, 

took five breaths of pure air. 

E. 8 33 0. — ^Regular breathing. 

F. 8 33 45. — Cornea insensitive ; stop chloroform. The administra- 

tion was afterwards continued until the dressing 
was completed at 8h. 44m. 30s. 

August 31st, 1891. — ^No. 304. 

Temperature of room 75*8° F. Emaciated Mahomedan male, Peer Mahomed, 
flptat. 46. Disease — stricture of the urethra. Operation — Holt's dilatation of 
the stricture. Chloroformed at the Afzulgunj Hospital at 8h. 50m. 458. by 
student Shivram Balkristna. Full antcsthesia at 8h. 54m. 30 b., continued 
till 8h. 55m. 30s. 

Observattons. 

H. M. s. 

A. 8 50 45. — Chloroform on cap ; rapid blowing, 44 times a minute. 

B. 8 51 10. — Cap brought close to face. 

C. 8 52 15. — ^Regular respirations, 20 a minute. 

D. 8 53 5. — Moving arms and logs. 

E. 8 53 25. — While more chloroform was being poured on to the 

cap, took three breaths of pure air. 

F. 8 53 55. — ^Irregular breathing ; one breath of pure air. 

G. 8 54 20. — ^Noisy expiration. 

H. 8 54 30. — Cornea insensitive. Stopped chloroform. 

August 3l8t, 1891. — No. 305. 

Temperature of room 81*7° F. Sickly Hindoo male, letat. 48. Disease- 
abscess. Operation — ^incision. Chloroformed at the Afzulgunj Hospital at 
9h. 4m. lOs. by Miss £. A. Lawrie. Full anaesthesia at 9h. 7m. 80s. Continued 
until 9h. IQm. SOs. 


» < 



880 


Ohaervations. 

H. M. 8. 

A. 9 4 10. — Chloroform on cap ; breathing regular, 32 times a 

minute. 

B. 9 4 66. — Cap brought close to face. 

C. 9 4 65. — Struggling ; one breath of pure air. 

D. 9 5 50. — Do. do. do. 

E. 9 6 10. — Regular respirations, 20 in a minute. 

F. 9 6 45. — ^While more chloroform was added to the cap, 

took four breathe of pure air. 

G. 9 7 0. — ^Regular respirations, 24 a minute. 

H. 9 7 20. — ^Noisy expiration and moaning, 

I. 9 7 30. — Cornea insensitive ; chloroform stopped, and after- 

wards continued until the dressings were applied. 

August 31st, 1891. — ^No. 306. 

Temperature of room 81*7“ F. Sickly Mahomedan male, Mahomed Ismael, 
setat. 51. Disease— cellulitis. Operation — ^incisions. Chloroformed at the 
Afzulgunj Hospital at 9h. 17m. 30s. by Miss E. A. Lawrie. Full anaesthesia 
at 9h. 23m. Os ; continued till 9h. 27m. 308, 

Observations. 



H. 

M. 

A. 

9 

17 

B. 

9 

19 

C. 

9 

20 

D. 

9 

20 

E. 

9 

21 

F. 

9 

21 

G. 

9 

21 

H. 

9 

22 

I. 

9 

22 

J. 

9 

23 


B. 

30. — Chloroform on cap ; rapid regular breathing, 40 
in a minute. 

60. — ^Regular breathing, 20 in a minute. 

5. — Coughing. 

40.— While more chloroform was being added to the cap, 
took four breaths of pure air. 

10. — ^Noisy expiration. 

25. — ^Violent struggling. Regular breathing. 

46. — One breath of pure air. 

16. — Struggling ; regular breathing. 

46. — Snoring. 

0. — Cornea insensitiye. Stopped chloroform. , Continued 
afterwards until 9h. 27 m. 30$. 



September, let 1891 — No. 807. 

Temporatare of room 76*5** F. Sickly Hindoo male, Boodiaya, tetat. 88. 
Disease — granular lids. Operation— division of the tarsal cartilages. Chloro- 
formed at the Afznlgimj Hospital at 7h. 5Sm. 501. by Miss £. A. Lawrie. 
Full anaesthesia at 7h. 59m. 258., kept up until 8h. Im. 5s. without more 
diioroform. 

Obaervatfons. 

H. M. ». 

A. 7 53 50. — Chloroform on cap ; blowing vigorously, 28 times a 

miniite. 

B. 7 54 30. — Apnoea ; cap entirely removed. 

C. 7 54 45. — One breath of pure air ; cap re -applied. 

D. 7 55 0. — Regular slow respirations, 16 a minute. 

E. 7 57 15. — Took two breaths of pure air while more chloroform 

was being poured into the cap. 

F. 7 57 45. — Holding breath ; cap .entirely removed. 

G. 7 58 0. — Gasped pure air ; breathing regular. Cap re- 

applied. 

H. 7 58 55. — Noisy expiration. 

I. 7 59 25. — Cornea insensitive. Stopped chloroform. 

September let, 1891.— No. 308. 

Temperature of room 7 6'6° F. Strong Hindoo male, Ramanna, retat. 25. 
Disease — suppurating bubo. Operation— excision of inguinal glands. Chloro- 
formed at the Afzulgunj Hospital at 8h. 17 m. 40s. by student Shivram 
Balkristna. Full aneesthesia at 8h. 23m. 20s. Anicsthesia maintained until 
8h. 26m. 15s. 

Observattom. 

H. u. s. 

A. 8 17 40. — Chloroform on cap ; blowing very rapidly, 52 times 

a minute. 

B. 8 18 15. — Blowing 68 times a minute. 

C. 8 18 40. — Apnoea ; cap entirely removed. 

D. 8 18 50. — One breath of pure air, followed by regular breath- 

ing, 20 times a minute. Cap re-applied. 





m 




1C. 

E. 

8 

19 

F. 

8 

20 

G. 

8 

21 

H. 

8 

21 

I. 

8 

22 

J. 

8 

23 


s. 

30. — Apnoea ; cap entirely removed tmtil 81i. 2Qm. 208. 
(50 seconds.) 

20. — One breath of pure air ; cap re-applied. 

0. — ^Noisy expiration. 

25. — ^Two breaths of pure air while adding more 
chloroform. 

40. — Noisy expiration. 

20. — Cornea insensitive. Anaesthesia maintained by giv- 
ing more chloroform from time to time until 
8h. 26m. 15s. 


September Ist, 1891. — ^No. 809. 

Temperature of room 76-6° F. Old worn-out feverish Mahomedan male, 
Dawod Khan, aetat. 81. Disease — cat-bite. Temperature in mouth 1027° F. 
Operation — excision. Chloroformed at the Afzulgunj Hospital at 8h. 32m. 20s. 
by Miss Lawrie. Fully anaesthetised at 8h. 36m. 40s. 

Observations. 



H. 

M. 

A. 

8 

32 

B. 

8 

33 

C. 

8 

33 

D. 

8 

33 

E. 

8 

34 

F. 

8 

34 

G. 

8 

34 

H. 

8 

35 

I. 

8 

86 

J. 

8 

36 

K. 

8 

37 


s. 

20. — Chloroform on cap ; rapid blowing, 52 times a minute 

5. — Cap brought close to face ; regular breathing, 32 
a minute. 

20. — ^Apnoea ; cap entirely removed. 

30. — One breath of pure air ; cap re-applied. 

0. — Struggling ; breathing regular. 

40. — ^Holding breath ; cap entirely removed. 

55. — Gasped pure air ; regular breathing. Cap re-applied. 

15. — Struggling ; regular breathing. 

0. — ^Noisy expiration ; 86 respirations a minute. 

40. — Cornea insensitive ; stopped chloroform. 

5. — Stertorous breathing ; no more chloroform had been 
administered from 8h. 86m. 408. ( Vide remarks 
afrer Case No. 278.) 
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September let, 1891. — ^No. 31 (K 

Temperature of room 76*6** F. Worn ont old Maboznedan Knrreemndin, 
aetat. 71. Disease — senile hypertrophy of pros^te. Operation— perineal 
section. Chloroformed at the Afznlgunj Hospital at 8h. 48m. 50s. by Shivram 
Ballcristna. Full anaesthesia at 8h. 51m. 45s. Continued until 8h. 56m. 50s. 

ObservaHons. 



H. 

M. 

A. 

8 

48 

B. 

8 

49 

C. 

8 

49 

D. 

8 

50 

E. 

8 

50 

F. 

8 

50 

G. 

8 

51 

H. 

8 

51 


50. — Chloroform on cap ; blowing gently 38 times a 
minute. 

30. — Cap brought close to the face ; regular breathing 36 
per minute. 

50. — Coughing. 

10. — ^Regular respirations ; 28 a minute. 

25. — Talking. 

35. — Struggling ; regular breathing. 

10. — Noisy expiration ; 32 respirations a minute. 

45. — Cornea insensitive ; stopped chloroform. Continued 
afterwards until the operation was finished at 
8h. 56m. 50s. 


September 1st, 1891.— No. 311. 


Temperature of room 83*5® F, Sickly Mahomedan male, Sayyed Mohidin, 
setat. 45. Disease— fistula in ano. Operation — incision. Chloroformed at the 
Afzulgunj Hospital at 9h. 52m. SOs. by student Shivram Balkristna. Full 
anaesthesia at 9h. 56m. 45s. Continued until lOh. Im. 5s. 


Obaervations. 

H. M. 8. 

A. 9 52 50.— Chloroform on cap ; blowing very rapidly, 60 times 

a minute. 

B. 9 53 20. — Apnoea ; cap entirely removed. 

C. 9 53 35.— Took one breath of pure air ; cap re-applied. 

D. 9 58 45. — ^Regular respirations, 24 a minute. 



•-iE. 

9 

54 

F. 

9 

54 

G. 

9 

55 

H. 

9 

55 

^ I. 

9 

55 

J. 

9 

56 

K. 

9 

66 

L. 

% 

9 

56 


20. — While more chloroform was added to cap, took 
three breaths of pure air. 

40. — Coughing ; one breath of pure air. 

10. — Do. do. do. 

30. —Noisy expiration. 

60. — Holding breath ; cap entirely removed. 

15. — Gasped in pure air ; cap re-applied ; regular breathing. 

25. — Moaning. 

45. — Stertorous breathing ; cornea at same time insen- 
sitive. Stopped chloroform ; afterwards con- 
tinued until lOh. Im. 5s. 


September 2nd, 1891. — No. 312. 


Temperature of room 72‘9° F. Delicate Hindoo child, Baloo, setat. 4. Disease 
— phymosis. Operation — circumcision. Chloroformed at the Afzulgunj Hos- 
pital at 7h. 22m. 35s. by student Miss Williams. Full anaesthesia at 7h. 24m. Os., 
administration ended at 7h. 28m. dOs. 


Observations. 



H. 

M. 

A. 

7 

22 

B. 

7 

23 

C. 

7 

24 


s. 

36.-- Chloroform on cap ; crying. 

25. — Regular respirations, 24 a minute. 

0. — Cornea insensitive ; stopped chloroform ; anaesthesia 
afterwards kept up in the usual way until the 
operation was finished at 7h. 28m. 30s. 


September 2nd, 1891. — No. 313. 

Temperature of room 73'0* F. Healthy young Mahomedan female, Abbass 
Bee, aetat. 20. Disease — cystic tumour. Operation— excision. Chloroformed 
at the Afzulgunj Hospital at 8h. Om. 45s. by Miss £ A. Lawrie. Full anaes- 
thesia at 8h. 6m. 208. Anaesthesia maintained until the operation was finished 
at 8h. 15m. SOs. 



885 


Ohservaifons, 

H. 1C. s. 

A. 8 0 45. — Chloroform on cap ; regular gentle blowing, 24 

times a minute. 

B. 8 1 30.— Cap close to face. 

C. 8 1 40.— Talking ; breathing regular. 

D. 8 2 45. — Regular respirations, 20 a minute, 

E. 8 3 10.— Took three breaths of pure air while more chloro- 

form was being adileil to the caj). 

F. 8 4 0. — ^Regular respirations, 20 a minute. 

G. 8 4 55. — Snoring ; took two breaths of j)uro air while more 

ohloi'olbrm was being adJetl to tho cap. 

11. 8 5 10. — ^Moaning. 

T. 8 5 45. — Snoring. 

J. 8 6 20. — Cornea insi'iisitive ; stop])od chloroform. Amesthesia 

was subse»iuently kept up in the usual way until 
8h. 15m. 30s. 

September 2nd, 1891. — No. 314. 

Temperature of room 77'1® K. Sickly old Ilimloo, Syanna, lelat. 75. 
Disease — panophthalmitis. Operation — excision of the eye-ball. Chloroformotl 
at the Afzulgunj Hospital at 8h. 41m. 5s. l)y Miss K. A. Lawrie. Full 
anfesthesia at 8h. 48m. 50s. Continued until 8h. 55m. 15s. 

Obucrratiom. 



H. 

M. 

s. 

A. 

8 

44 

5. — Chloroform on < ap ; blowing .32 times a minute. 

B. 

8 

44 

35. — Cap close to face ; regular breathing. 

C. 

8 

45 

55. — More ehlorol'orm ; three breaths of pure air. 

1). 

8 

4S 

45.— Moving arms. 

E. 

8 

47 

15. — Mon* chloroform ; two breaths of j^uro air. 

F. 

8 

47 

20. — Struggling ; r<-gular broathing. 

G. 

8 

48 

5. — Noisy expiration. 

H. 

8 

48 

30. — Snoring. 

I. 

8 

48 

50. — Cornea insensitive ; stojtjted chloroform ; anfesthesia 


afterwards kept up in tho usual way until tho 
operation was finished at 8h. 55m. 15s. 
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September 2nd, 1891. — ^No. 315. 

Temperature of room 77*8° F. Strong healthy male, Eishen Singh, etat 28. 
Disease — necrosis of lower jaw. Operation — removal of dead bone. Chloroform* 
ed at the Afzulgnnj Hospital at 9h. 3m. 40s. Fall ansesthesia at 9h. 10m. lOs. 

Ohaervaiions, 


H. H. B. 


A. 9 B 

B. 9 4 

C. 9 5 

D. 9 6 

E. 9 6 

F. 9 7 
O. 9 10 


40.— Chloroform on cap ; rapid blowing, 54 a minute. 

26. — Cap brought close to face ; respirations regular, 28 a 
minute. 

30. — ^Regular breathing, 24 a minute. 

0, — ^Took three breaths of pure air while more chloroform 
was poured into the cap. 

45. — Coughing. 

15. — ^Moaning. 

10. — Cornea insensitive j stopped chloroform. 


September 3rd, 1891. — ^No. 316. 


Temperature of room 73*6° F. Healthy Mahomedan male, Syed Abdul 
Wahab, eetat. 32. Disease — stricture of the urethra and retention of urine. 
Operation — catheterism. Chloroformed at the Afzulgunj Hospital at 7h. 56m. 
408. by Shivram Balkristna, Full anaesthesia at 8h. Om. 20 b. ; continued UTitil 
8h. 2m. 308. 


Observations. 


H. M, s. 

A. 7 56 40. — Chloroform on cap ; blowing rapidly 40 times a minute. 

B. 7 57 0. — Cap close to face ; regular breathing 32 a minute. 

C. 7 57 40.: — ^Holding breath ; stopped chloroform ; cap entirely 

removed. 

D. 7 57 58. — Gasped pure air ; chloroform again. 

E. 7 58 15. — ^Regular respirations, 20 a minute. 

F. 7 58 40. — ^Took two breaths of pure air while chloroform was 

being poured into cap. 
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H. M. 8. 

0, 7 58 55.~]2Tegiilarbreaihiag;o]i0bfeaiihofpiireur. 

H. 7 59 15. — Begakr breathing, alow and moaning, 16 a minute. 

1. 7 59 40.— -Prolonged moaning expirations. 

J. 8 0 20.— Cornea insensitiye ; chloroform stopped. Immediately 
afterwards the chest was heaving, bnt no air was 
entering. The jaw was pushed forward, and the 
breathing became at once normal 

September 3rd, 1891.— No. 317. 

Temperature of room 74*5° F. Sickly Mahomedan male, Nanna Sahib, eetat. 
64. Disease — suppurating hydrocele. Temperature in rectum 103*4° F. before 
the operation. Operation— excision of part of sac. Chloroformed at the 
Afzulgunj Hospital* at 8h. 44m. 30s. by Shivram Balkristna. Full ansosthesia 
at 8h. 48m. 30 b.; continued until 8h. 51m. 15 b. 

Ohaervaiions. 


H. M. s. 

A. 8 44 30. — Chloroform on cap ; rapid noisy blowing, 56 times a 

minute. 

B. 8 45 20.— Cap close to face. 

C. 8 45 40. — Apnoea ; cap removed. 

D. 8 45 56. — One breath of pure air. Chloroform again. 

E. 8 46 15. — Regular respirations, 20 a minute. 

F. 8 46 50. — ^Took three breaths of pure air while more chloroform 

was added to the cap. 

G. 8 47 20. — ^Moving arms and legs ; talking incoherently. 

H. 8 47 45. — Struggling ; one breath of pure air. 

L 8 48 20.— Spluttering and snoring. 

J. 8 48 30. — Cornea insensitive ; stopped chloroform, 

K. 8 48 50. — Stertorous breathing ; jaw pushed forward ; normal 

respiration. 

L. 8 51 15. — Operation finished. 
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September 8rd, 1891. — No. 818. 

Temperature of room 74*5° F. Verj’ sickly Hindoo male, Eristna, setat. 25. 
Disease— spreading gangrene. Operation— exploration. Chloroformed at the 
Afzalgonj Hospital at 9h. 24m. 50s. by Shivram Balkristna. Full anaesibesia 
at 9h. dOm. 5s. 

Ohaervations. 

H. M. B. 

A. 9 24 50. — Chloroform on cap ; blowing 40 times a minute. 

B. 9 25 20.— Cap close to face ; coughing. 

0. 9 26 10. — Took one breath of pme air while more chloroform 
was added to the cap. 

D. 9 26 45. — Struggling ; one breath of pure air. 

E. 9 27 10. — ^Regular respirations, 28 a minute. 

F. 9 28 55.— Took three breaths of pure air while more chloroform 

was poured into the cap. 

G. 9 29 10. — Snoring. 

H. 9 30 5. — Cornea insensitive ; stopped chloroform. 

September 3rd, 1891,— No. 319. 

Temperature of room 74*5° F. Old decrepit Mahomedan, Sayyad Ashraf, 
uetat. 82. Disease — senile hypertrophy of the prostate. Operation — ^perineal 
section. Chloroformed at the Residency Hospital at llh. 30m. 15s. by student 
Ismail Khan. Full anaesthesia at llh. 33m. 50s. ; continued until the operation 
was finished at llh. 87m. 15s. 

OhaervaMom. 

H. M. s. 

A. 11 30 15. — Chloroform on cap ; blowing gently 36 times a 

minute. 

B. 11 30 45. — Cap close to face. 

G. 11 31 5. — Regular breathing, 28 times a minute. 

D. 11 81 86.— Do. do. 20 do. do. 

E. 11 81 50. — ^Took two breaths of pure air while more chloroform 

was added to the cap. 
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H. M. 8. 

F. 11 32 45. — ^Holding fareatlx ; cap entirely remored. 

G. 11 33 16. — Gasped pure air ; chloroform again. 

H. 11 33 40. — ^Irregular breathing ; one breath of pure air. 

I. 11 33 50. — Snoring ; cornea insensitive ; stopped chloroform. 

Continued afterwards till the operation was finished 
at llh. 37in. ISs. 

September 4th, 1891. — No. 320. 

Temperature of room 72'9° F. Weakly emaciated Hindoo male, Lutchanuah, 
aetat. 31. Disease — liver abscess. Operation — a8j)irati()n. Chloroformed at 
the Afzulgunj Hospital at 71i. 5ra. 258, by Shivram Balkristna. Full antesthesia 
at 7h. 9m. 308. ; continued until 7h. 12m. 30s. 


Ohservatiom. 


H. M. s. 

A. 7 5 25. — Chloroform on cap ; blowing rapidly, 60 times a 

minute. 

B. 7 6 15. — Cap close to face ; ri'gular respirations, 44 a minute. 

(’. 7 7 45. — Regular rcsj)iration8, 20 a minute. 

D. 7 8 25. — Took three breaths of puro air while more chloroform 

was adiled to the caj). 

E. 7 9 15. — Noisy e.\piration. 

F. 7 9 30. — Cornea insensitive ; Bto])ped chloroform ; continued 

aftcrwanls until 7h. 12m. 308. 


September 4th, 1891. — No. 321. 

Temperature of room 72*9° F. Weakly Hindoo male infant, Ounguloo, 
aitat. two months. Disease — ^abscess. OjH-ration — ineision. Chloroformed at the 
Afzulgunj Hospital at 8h. 34m. 45s. by Miss Williams. Full aumstlicsia at 
8h. 36m. 58. Continued until 8h. 39m. 308. 

Observations. 

n. M. 8. 

A. 8 34 45. — Chloroform on cap ; crying and coughing. 

B. 8 35 15. — Regular respirations, 48 a minute, 

C. 8 36 25. — Cornea insensitive ; stopped chloroform. Continued 

afterwards until 8h. 39m. 30s. 


% 



^ September btb, 189L— 'No. 828. 

* Temperature of room, 74*5* F. Bickly Hindoo male, Sa^boo, wtat 82 
Disease— bubo. Operation — excision of the inguinal glands. Chlorofinmied s 
the Afzu^vnj Hospital at 8h. 32m. 10s. by Shirram Balkristna. Full anses 
Ihesia at 8h. 86m. 85a. Continued until Sh. 42m. SOs. 

Olaeroations. 

H. M. B. • 

A. 8 32 10. — Chloroform on cap; blowing gently, 44 times a minute. 
6. 8 32 60. — Cap close to face ; regular respirations, 20 a minute. 

C. 8 33 20. — ^Irregular breathing, one breath of pure air. 

D. 8 33 30.— Eegular respirations, 24 a minute. 

E. 8 34 30. — Took two breaths of pure air while more chloroform 

was added to the cap. 

F. 8 35 0. — Struggling, one breath of pure air. 

0. 8 35 15. — ^Regular breathing, 28 times a minute. 

H. 8 35 66. — Snoring. 

I. 8 36 20. — Spluttering. 

J. 8 36 35. — Cornea insensitive and breathing stertorous simul- 

taneously ; stopped chloroform ; anaesthesia after- 
wards kept up till 8h. 42m. SOs. 

September 5th, 1891. — ^No. 323. 

Temperature of room 74’6® F, Weak Hindoo child, Nursoo, aetat. 2. 
Disease— abscess. Operation — ^incision. Chloroformed at the Afzulg;nnj 
Hospital at 8h. 45m. 558. by Miss Williams. Full anaesthesia at 8h. 47m. 508. 
Continued until 6h. 51m. SOs. 


Observations. 


H. M. 

A. 8 45 

B. 8 46 

C. 8 47 


B. 

65.— Chloroform on cap ; crying. 

30. — Cap close ; regular respirations, 27 a minute. 

40.— Took four breaths of pure air while more chloro- 
form was added. 


D. 8 47 50.— Cornea insensitive ; stopped chloroform ; oon- 
tinued afterwards until the dressings were 
applied at 8h. 51m. 30 b. 



m 


Sepftffloaber 6^ 189L — ^No. S24. 

Temporatare of room 77*4* F. Very old Hindoo female, Ktmdee, etat. 84. 
Injury— componnd fractore of the right leg. OperaUon— amputation below 
the knee. Chloroformed at the Afzulgnnj Hospital at 9h. 45m. 65 b. by Miss 
£. A. Lawrie. Foil anaesthesia at 9h. 48m. lOs. Continued until the operation 
was finished at lOh. 25m. Os. 


Oh»srvati<ms. 



n. 

If. 

A. 

9 

45 

B. 

9 

46 

C. 

9 

46 

1). 

9 

47 

K. 

9 

47 

F. 

9 

47 

(i. 

9 

47 

H. 

9 

48 


8 . 

55. — Chloroform on cap; breathing regularly and talking. 

5. — Straggling ; rogaiar breathing. 

25. — Cap close to face ; regular respirations, 20 a minute. 

0. — ^Irregular re8})iration and 8truggling ; one breath of 
pure air ; regular brc'athing. 

15. — ^Took three breaths of pure air while chloroform 
was being poured on to cap. 

30. — Spitting. 

.35. — ^Regular broatliing, 24 a minute. 

5. — Cornea inHcnsitive ; stopped chloroform. Antes* 
thesia afierwarils maintained in the usual way 
till the o])eration was finished and the dressings 
apjtlied at lOh. 25m. Os. 


September 7th, 1891. — No. 325. 


Temperature of room 74*9* F. Strong, muscular Mohomedan male, 
excessively excited and nervous, Rusool Mahomed, mtat. 28. Disease 
epithelioma of skin of back. Operation — excision. Chloroformed at the Afzul- 
gunj Hospital at 8h. 52m. 85 b. by Shivram Balkristna. Full amesthesia at 8h. 
57m. Os. Continued until the operation was finished at 9h. 15m. 30s. Vomited 
a small quantity of bile at 9h. 16m. lOs. 
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Observations. 



H. 

M. 

6. 


8 

52 

35. — Chloroform on cap ; blowing 42 a n^nte. 

B. 

8 

53 

10. — Cap close to face. 

C. 

8 

53 

60. — Struggle ; one breath of pure air. ‘ 

D. 

8 

54 

40. — Violent struggling ; one breath of pure air. 

E. 

8 

64 

66. — Screaming ; breathing regular. 

F. 

8 

55 

6. — One breath of pure air. 

G. 

8 

66 

0. — Took two breaths of pure air while more chloroform 
was added to the cap. 

H. 

8 

56 

45. — Snoring loudly. 

I. 

8 

57 

0. — Cornea insensitive ; stopped chloroform. 

J. 

8 

57 

36.— Breathing stertorous ; jaw pushed forward, breath- 
ing regular at once. 


This caso is another example of annesthesia deepening? after discontinuance 
of tho inhalation of chloroform. This appears to occur in patients who are 
excited and in whom it is dilhcult to mako tho r(*S])iration quite regular. 
It is in pjitients of this kind that over-dosing is so liable to take place ; and 
the explanation of what hai)pens is to be found in Exj)eriment No. 64. 

Soptoraber 7th, 1891. — ^No. 320. 

Temperature of room 7 7 ’7" F. Wc'ak sickly anasmic Hindoo male, Bala 
Prasad, a?tat. 28. Disease — strangulated inguinal hernia. Operation — ^hernio- 
tomy and the radical cure. Chloroformed at tin' Afzulgunj IIosi)ital at 9h. 23ni. 
408. by Shivram Balkristna, Full anu'sthesia at 9h. 28m. ISs. ; continued until 
the operation was linishod at lOh. Om. 45s, 


Obt^ercations. 


n. M. s. 

A. 9 23 40. — Chloroform on cap; blowing rapidly, 56 times a. 

minute. 

B. 9 24 5. — Cap close to face ; regular respirations, 32 a minute. 

C. 9 25 30. — ^Regular respirations, 28 a minute. 

D. 9 *25 50. — Short struggle ; one breath of pure air, 

E. 9 27 36. — ^Took two breaths of pure air while more chloroform 

was added. 






